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U.S.  DEPARTMENT  OF  COMMERCE 

National  Technical  Information  Service 

Center  for  the  Utilization  of  Federal  Technology 


ALSO  DESCRIBES  90  FEDERAL  TECHNICAL  INFORMATION  CENTERS 


NOW!  Work 
Directly  with 
Government 
Labs  and 
Engineering 
Facilities 


"The  Directory  should  be  popular  in 
research  and  business  libraries" 

—Reference  Book  Bulletin 
American  Libraries  Association 


Find  them  easily  in  the  Direc- 
tory of  Federal  Laboratory 
&  Technology  Resources. 

This  valuable  directory  will  guide  you 
to  hundreds  of  Federal  agencies, 
laboratories,  and  engineering  centers 
willing  to  share  their  expertise,  equip- 
ment, facilities,  and  special  services 
to  aid  your  research  and  engineering 
efforts.  Detailed  summaries  of  these 
unique  resources  are  arranged  in  32 
subject-oriented  areas  for  easy  ref- 
erence. Descriptions  of  90  Technical 
Information  Centers  are  included. 

These  centers  offer  information 
services  and  expertise  in  areas  such 
as  fuels,  cold  regions,  concrete,  fish- 
eries, toxicology,  pesticides,  plastics, 
and  much  more. 

The  NAME,  ADDRESS,  PHONE 
NUMBER  OF  A  PERSONAL 
CONTACT  IS  LISTED  FOR  EACH 
RESOURCE! 


•  Computer      Technology       (15) 

•  Electrotechnology  (43)  •  Energy 
(77)  •  Engineering  (86)  •  En- 
vironmental Sciences  (67)  •  Man- 
ufacturing   (19)    •  Materials    (61) 

•  Medicine   (112)    •  Nuclear   (128) 

•  Ocean  Sciences  &  Technology 
(36)    •  Physical  Sciences    (110) 

•  Transportation  (14)    •  Plus  others 

Four  handy  indexes  make  it  easy  to 
locate  the  resource  you  need. 

1.  Subject  Term  Index 

Identifies  resources  in  your  technical 
interest  areas. 

2.  State  Index 

Find  all  the  resources  in  your  State. 

3.  Resource  Name  Index 

Look  up  any  resource  by  name  of 
laboratory  or  program. 

4.  Agency  Index 

Lists  resources  by  agency  and  State. 


All  listed  resources  offer  unique  capa- 
bilities (not  readily  duplicated  in  the 
private  sector)  to  encourage  greater 
use  of  Federal  technology. 

To  increase  your  awareness  of  hun- 
dreds of  Federal  Technology  Re- 
sources available  to  work  with  you 
on  your  projects,  order  your  DIREC- 
TORY nowl 

ASK  FOR: 
PB88-100011/AAW 

DIRECTORY  OF  FEDERAL 

LABORATORY  AND 

TECHNOLOGY  RESOURCES 

CALL:  (703)  487-4650 


WRITE: 


Springfield,  VA  22161 


Help  is  available  in  32  technical 
areas  including: 

Aeronautics  (31)*  •  Agriculture  & 
Food  (120)  •  Biological  Sciences 
(68)    •  Building  Technology    (20) 

'number  of  summaries 


Enclose  check  to  NTIS  for  $36  plus  $3  for  shipping  and  handling  or 
Charge  to:  NTIS  Deposit  Account,  American  Express,  VISA,  or  MasterCard. 
Please  furnish  card  number,  expiration  date,  signature,  and  complete 
mailing  address. 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to  others   in  their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      — — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  221 61 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BW I  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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technology  described  in 
the  fact  sheet 


■Page  number 


Tech  Notes  Title  List  for 
April  1989 


Agriculture  &  Food 

0246  Oil  from  Myrrh's  Cousin  Repels  Ticks 
Testing  &  Instrumentation 

0247  Test  for  Tickborne  Cattle  Disease 

Computers 

0248  Digital  Technique  for  Constructing  Variable-Width 
Lines  (Licensing  Opportunity) 

0249  Self-Testing  Computer  Memory — A  proposed  system 
would  have  increased  tolerance  to  temporary  and 
permanent  faults. 

0250  Analyzing  Pulse-Code  Modulation  on  a  Small 
Computer — Relatively  inexpensive  equipment  can 
assist  in  the  diagnosis  of  faulty  encoders. 

Software 

0251  ADA  Compiler  Evaluation  Capability  Software 
Product 

0252  File-Format  Program  for  Transferable  Output  ASCII 
Data — TOAD  utilities  are  machine-independent  and 
require  minimal  central  memory. 

Other  Items  of  Interest 

0260     New  Mode  for  Single-Event  Upsets — Experimental 

data  indicate  a  previously-unsuspected  conduction 

path. 
0293     New  Testbed'  will  Aid  CAD/CAM,  Logistics 

Electrotechnology 

0253  Automatic  Impedance  Adjustment 

0254  Modification  Leading  to  an  Ultra-Precise  Regulated 
Power  Supply 

0255  Low-Loss  Amorphous  Transformers  Tested 

0256  Approximations  for  Controls  of  Hereditary  Systems — 
Convergence  properties  of  controls,  trajectories,  and 
feedback  kernels  are  analyzed. 

0257  Estimating  Rates  of  Single-Event  Upsets — Probabili- 
ties of  errors  are  calculated  from  a  semiempirical 
model. 

0258  High-Capacity  Aeronautical  Satellite  Communication 
System — This  system  would  provide  safety-related 
communications  to  growing  air  traffic. 

0259  Lens  Antenna  for  Mobile/Satellite  Communication — A 
phased  array  of  elements  would  lie  flat  on  top  of  a 
vehicle.  (Licensing  Opportunity) 

0260  New  Mode  for  Single-Event  Upsets — Experimental 
data  indicate  a  previously-unsuspected  conduction 
path. 

0261  Protective  Socket  for  integrated  Circuits — A  built-in 
switch  would  protect  against  transients  during 
removal  and  insertion. 

0262  Repeated  Transmissions  in  Mobile/Satellite  Commu- 
nications— Repetition  would  increase  throughput  and 
decrease  delay. 


0263  Shifting  of  Image  Fields  for  Better  Stereoscopic  TV 
Images — Improved  high-resolution,  low-distortion, 
stereoscopic  images  can  be  achieved  electronically. 
(Licensing  Opportunity) 

0264  Synthetic-Aperture  Radar  Processor  for  Large  Drift 
Angle — Digital  processing  corrects  for  large  range 
migration. 

Testing  &  Instrumentation 

0265  Measuring  Critical  Charges  for  Single-Event  Up- 
sets— A  test  circuit  would  make  direct  measurements 
possible  for  the  first  time. 

0266  Microwave  Deflection  Sensor — Movement  is  meas- 
ured via  the  phase  of  the  reflection. 

Other  Items  of  Interest 

0272     Comprehensive  Silicon-Solar-Cell  Program — 

Nonlinear  equations  that  describe  performance  are 

solved  iteratively. 

Energy 

0267  Predicting  Thermal  Performance  Accurately 

0268  Research  Extends  to  Appliance  Efficiency 

0269  Tuning  in  on  Wind  Turbine  Performance 

0270  Characteristics  of  Cenospheres — Porosity,  other 
structural  features,  and  composition  have  been 
examined. 

0271  Photovoltaic  Generation  of  Power  by  Utilities — 
Recent  publications  are  surveyed. 

Software 

0272  Comprehensive  Silicon-Solar-Cell  Program — 
Nonlinear  equations  that  describe  performance  are 
solved  iteratively. 

Other  Items  of  Interest 

0254     Modification  Leading  to  an  Ultra-Precise  Regulated 
Power  Supply 

0310  Biphase  Metal  Electrodes  for  AMTEC — High  power 
densities  are  achieved.  (Licensing  Opportunity) 

031 1  Improved  Aluminized  Multilayer  Insulation — The 
number  of  reflective  surfaces  is  increased  while 
reducing  or  only  slightly  increasing  bulk. 

0321     Atmospheric  Testing  System  for  Solar  Measurements 

Engineering 

0273  Auger  Bit  for  Frozen  Fine-Grained  Soil 

0274  Multifuel  Squad  Stove 

0275  Machinery  Vibration  Diagnostics 

0276  Technical  and  Economic  Evaluation  of  a  Solid- 
Particle/Air  Direct-Contact  Heat  Exchanger 

0277  Condensing,  Two-Phase,  Contact  Heat  Exchanger — 
A  unit  separates  liquid  from  vapor  as  it  condenses. 
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Engineering  (Cont.) 

0278  Automated  Water-Purification  System  — A  reverse- 
osmosis  system  operates  and  maintains  itself  with 
minimal  human  attention,  using  a  programmable 
controller.  (Licensing  Opportunity) 

0279  Handrail  Lighting  Module — A  florescent  lamp  fits 
inside  a  transparent  plastic  handrail. 

0280  High-Performance  Ambient-Temperature  Heat 
Pipe — Passages  for  liquid  and  vapor  are  separated 
by  a  porous  wick.  (Licensing  Opportunity) 

0281  Positioning  Rotors  in  Turbine  Flowmeters — Lengths 
of  wakes  are  roughly  proportional  to  thicknesses  of 
vanes. 

0282  Preferred  Secondary  Crystal  Orientation  for  Turbine 
Blades — Fatigue  life  increases  when  secondary 
orientation  is  not  left  to  chance. 

0283  Self-Protecting  Heat  Exchanger — A  double  wall  with 
a  variable  gap  would  have  variable  conductance. 
(Licensing  Opportunity) 

0284  Support  for  Fragile  Borescopes — A  fixture  guides 
and  protects  small-diameter  optical-inspection 
instruments.  (Licensing  Opportunity) 

0285  Transferring  Heat  in  Conjugating  Binary  Liquids — 
Less  pumping  would  be  required. 

Testing  &  Instrumentation 

0286  Enlightened  Sight — Using  Fiberoptics  for  Boiler  Tube 
Inspection 

0287  A  150,000  Pound  Per  Square  Inch  Dynamic  Pres- 
sure Calibrator 

0288  Hazard-Free  Pyrotechnic  Simulator — A  testing  circuit 
checks  firing  circuits  without  setting  off  electroex- 
plosive  devices. 

0289  Portable  Airflow  Meter — A  matrix  of  tubes  reduces 
turbulence  in  a  relatively  short  length. 

0290  Thread-Mounted  Thermocouple — A  simple  device 
measures  the  average  temperature  of  the  surround- 
ing material.  (Licensing  Opportunity) 

Other  items  of  Interest 

0308     Dry  Kiln  Schedule  for  Commercial  Woods 

Environmental  Science  &  Technology 

0291  Improving  Indoor  Air  Quality 
Other  Items  of  Interest 

0305     Cheaper  Wood  Adhesives  from  Wood  Wastes 

Manufacturing,  Machinery  &  Tools 

0292  Design  for  Assemble:  The  First  Essential  Step  in 
Designing  for  Producibility 

0293  New  Testbed'  will  Aid  CAD/CAM,  Logistics 

0294  Optimized  Mandrel  Fabrication 


0295  Holding  Irregularly  Shaped  Parts  for  Machining — A 
temporary  covering  can  be  clamped.  (Licensing 
Opportunity) 

0296  Machining  Thin-Walled  Cylindrical  Parts— The 
thermal  expansion  and  contraction  of  a  beryllium 
copper  mandrel  is  exploited. 

0297  Making  Intricate,  Thin  Gaskets — Elastomeric  gaskets 
are  fabricated  precisely  in  a  simple  aluminum  fixture. 

Testing  &  Instrumentation 

0298  Programmable  Grit-Blasting  System — A  servocon- 
troller  would  establish  the  trajectory  and  orientation 
of  the  head. 

0299  New  Blade  Inspection  System 

0300  Detecting  Wear  in  Ball  Bearings  During  Operation — 
Strain-gauge  signals  at  harmonics  of  ball-bearing- 
cage  frequencies  signify  wear. 

0301  Monitoring  Welding-Gas  Quality — A  control  system 
prevents  weld  defects. 

Other  Items  of  Interest 

0275     Machinery  Vibration  Diagnostics 

0303     Machining  of  Beta-C  Titanium  Alloy 

Materials 

0302  Asbestos  Replacement  in  Rockets 

0303  Machining  of  Beta-C  Titanium  Alloy 

0304  Interfacial  Engineering  Toughens  Ceramic/Metal 
Interfaces 

0305  Cheaper  Wood  Adhesives  from  Wood  Wastes 

0306  Fire-Retarded  Plastics  can  Improve  Life  Safety 

0307  New  Plastic  Pipe  Standards  to  Aid  Gas  Industry 

0308  Dry  Kiln  Schedule  for  Commercial  Woods 

0309  Additives  Improve  Processing  of  Polyimides — Low- 
molecular-weight,  thermally  stable  additives  enhance 
flow  properties.  (Licensing  Opportunity) 

0310  Biphase  Metal  Electrodes  for  AMTEC — High  power 
densities  are  achieved.  (Licensing  Opportunity) 

031 1  Improved  Aluminized  Multilayer  Insulation — The 
number  of  reflective  surfaces  is  increased  while 
reducing  or  only  slightly  increasing  bulk. 

0312  Substrates  for  High-Temperature  Superconductors — 
A  new  use  is  found  for  a  process  described  previ- 
ously. 

0313  Translating  Furnace  for  Fast  Melting  and  Freezing — 
Ceramic/metal  composites  will  be  made  during  low- 
gravity  airplane  maneuvers. 

031 4  Tribology — A  Survey  of  the  Science — A  collection  of 
papers  covers  theory,  practice,  history,  and  research. 

0315  Vibrations  Would  Induce  Flow  in  Molten  Silicon — 
Flow  patters  and  velocities  would  be  controlled  to 
improve  crystals. 

Other  Items  of  Interest 

0285  Transferring  Heat  in  Conjugating  Binary  Liquids — 
Less  pumping  would  be  required. 
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Medicine  &  Biology 

031 6  Animal  Models  for  Comparative  Medical  Research 

031 7  Electron  Microscopy  and  Image  Analysis  Services 

031 8  Two  Promising  Approaches  to  the  Treatment  of 
Sickle  Cell  Anemia 

031 9  New  Low-Cost  System  for  Enzyme  Extractions 

0320  Solar  Refrigerator/Freezers  for  Vaccines — Pho- 
tovoltaic systems  store  vaccines  in  remote  regions 
where  powerlines  are  unavailable. 

Natural  Resources  Technology  & 
Engineering 

Testing  &  Instrumentation 

0321  Atmospheric  Testing  System  for  Solar  Measurements 

0322  Collecting  Hypervelocity  Particles  Intact — Particles 
are  stopped  in  soft  materials 

Other  Items  of  Interest 

0248     Digital  Technique  for  Constructing  Variable-Width 
Lines  (Licensing  Opportunity) 

Physical  Sciences 

0323  Ultra  High  Vacuum  Linear  Actuator 

0324  Interim  Protocol  for  Measuring  Hydrolysis  Rate 
Constants  in  Aqueous  Solutions 

0325  Process  for  Making  Phase  Holograms  (Licensing 
Opportunity) 

0326  Chemical  Thermodynamics  Database  Available 
Online 

0327  New  Publication  Explains  Time  and  Frequency 
Service 


0328  Centrifugation  Would  Purify  Mercuric  Iodide — Vapor- 
deposition,  solution,  and  meltingrtreezing  methods 
are  proposed. 

0329  Diffusion  Analysis  of  Hydrogen-Desorption  Measure- 
ments— The  distribution  of  hydrogen  in  the  metal 
explains  the  observed  desorption  rate. 

0330  Effect  of  Water  on  Permeation  by  Hydrogen — Water 
vapor  in  the  working  fluid  equilibrates  with  permeabil- 
ity-reducing oxides  in  metal  parts. 

0331  Making  Hydrogen  Flames  Visible — Invisible  to  the 
unaided  eye,  these  flames  can  be  seen  with  a 
special  infrared  camera. 

0332  Mathematical  Model  for  Scattering  from  Mirrors — 
Additional  terms  account  for  the  effects  of  particulate 
contamination. 

Software 

0333  SINDA — Systems  Improved  Numerical  Differencing 
Analyzer — The  capability  to  model  fluid  flow  is 
added. 

Testing  &  Instrumentation 

0334  New  Technique  Improves  Measurement  of  Lignin 
Other  Items  of  Interest 

0309     Additives  Improve  Processing  of  Polyimides — Low- 
molecular-weight,  thermally  stable  additives  enhance 
flow  properties.  (Licensing  Opportunity) 

Transportation  &  Components 

0335  Convertible  Gas-Turbine  Engines — The  consumption 
of  fuel  and  the  cost  of  operation  would  be  reduced. 
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Oil  From  Myrrh's  Cousin  Repels  Ticks 


Myrrh,  a  resin  from  the  plant 
Commiphora  abyssinica,  is  perhaps 
best  known  for  its  biblical  reference 
as  a  gift  of  the  three  wise  men.  The 
ancient  Egyptians  used  it  as  an  em- 
balming medium,  and  the  Greeks 
honored  Zeus  by  burning  it. 

Now,  from  out  of  Africa  comes  a 
plant  closely  related  to  myrrh  that 
promises  antitick  collars  for  animals 
and  tick  repel lants  for  humans. 

Syrupy  oil  from  the  plant,  C. 
erythraea,  kills  larvae  of  lone  star 
and  American  dog  ticks  in  laboratory 
studies,  according  to  John  F.  Carroll, 
an  entomologist  with  the  Agricultural 
Research  Service  in  Beltsville,  Mary- 
land. It  also  repels  adults  of  those 
two  species  and  of  the  deer  tick. 

"In  Africa,  C.  erythraea  oil  is 
rubbed  on  cattle  to  repel  ticks  and 
insects  and  soothe  cuts,  bruises,  and 
scabies,"  Carroll  says.  "If  we  can 
identify  and  purify  the  oil's  active 
ingredients,  they  might  have  potential 
as  natural  rcpcllants  or  toxins  for 
ticks." 

Ticks  are  bloodsucking  parasites 
that  often  carry  diseases  dangerous  to 
people  and  animals.  The  American 
dog  tick  carries  Rocky  Mountain 
spotted  fever,  and  the  deer  tick  car- 
ries Lyme  disease — two  human  dis- 
eases. The  lone  star  tick  is  a  pest  of 
livestock  and  humans  in  the  southern 
United  States. 

How  effective  is  the  new  repcl- 
lant?  In  lab  studies,  less  than  1  per- 
cent of  lone  star  tick  larvae  and 
adults  and  less  than  16  percent  of  the 
dog  and  deer  ticks  adults  crawled  into 
a  section  of  a  cloth  strip  that  had 
been  soaked  in  a  dilute  hcxanc  solu- 
tion of  the  oil  extract.  By  compari- 
son, 73  to  83  percent  of  the  ticks 
crawled  the  same  distance  on  another 
piece  of  cloth  treated  with  hcxane 
alone. 


Larvae  of  lone  star  and  American 
dog  tick  were  killed  within  24  hours 
when  placed  between  pieces  of  filter 
paper  soaked  with  the  oil.  (Deer  tick 
larvae  were  not  studied.) 

Chemist  Dave  Warthen  of  ARS ' 
Insect  Chemical  Ecology  Laboratory 
at  Beltsville  and  A.  Maradufu  of  the 
Tropical  Pesticides  Research  Insti- 
tute, Arusha,  Tanzania,  cooperated 
with  Carroll  in  the  study. 

Scientists  can't  yet  say  which  of 
the  oil's  chemical  ingredients  repel 
the  three  ticks.  Maradufu  found  in 
earlier  studies  that  C.  erythraea  oil 
contains  three  chemicals,  called  fura- 
nosesquiterpenoids,  that  are  toxic  to 
larvae  of  the  African  brown  ear  tick. 

"But  we're  not  certain  that  these 
chemicals  are  active  against  the 
American  dog,  deer,  and  lone  star 

ticks,"  Warthen  says. — 


An  American  dog  tick,  common  in  the 
eastern  United  States,  is  plucked  from 
a  person's  arm. 


John  F.  Carroll  is  at  the  USDA- 
ARS  Livestock  Insects  Laboratory. 
Beltsville  Agricultural  Research 
Center-East.  Beltsville.  MD  26      5 
(301)  344-4171.  ♦ 
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Test  For  Tickborne  Cattle  Disease 


A  few  purple  spots  on  specially 
treated  paper  now  warn  cattle  produc- 
ers of  anaplasmosis,  a  disease  that 
costs  about  $300  million  a  year  in 
losses  and  disease  control. 

Agricultural  Research  Service  and 
Washington  State  University  scientists 
say  the  new  test,  called  a  DNA  probe, 
is  the  first  to  diagnose  the  tickborne 
disease  accurately  and  quickly.  In 
either  cattle  or  ticks,  a  diagnosis  can 
be  made  in  a  few  hours,  in  contrast  to 
as  many  as  40  days  required  by  cur- 
rent tests,  says  Willard  L.  Goff,  an 
ARS  microbiologist  in  Pullman, 
Washington. 

The  test's  first  step:  apply  a  drop 
of  fluid  containing  dissolved  tick 
tissue  or  cattle  blood  to  a  sheet  of 
absorbent  paper.  Next,  the  paper  is 
placed  in  a  solution  containing  the 
DNA  probe,  which  has  been  designed 
to  bind  only  to  sample  drops  contain- 
ing genetic  material  of  the  Anaplasma 
organism.  The  probe  is  tagged  with  a 
special  color-forming  compound;  dark 
purple  splotches  confirm  the  presence 
of  any  Anaplasma  DNA.  It  can  even 
detect  the  disease  organisms  in  cattle 
that  have  not  yet  shown  symptoms. 


So  elusive  is  anaplasmosis  that  it's 
difficult  right  now  to  compute  how 
many  cattle  are  infected  with  the 
disease,  which  leaves  dairy  and  beef 
cattle  anemic  and  wasted  and  induces 
abortion.  About  6  million  cattle 
nationwide  (from  10  to  30  percent  of 
the  cattle  in  problem  areas)  are 
thought  to  have  the  disease.  But  since 
today's  diagnostic  tests  are  less  sensi- 
tive and  accurate  than  the  new  DNA 
probe  test,  these  figures  may  prove  to 
be  low,  says  Goff,  who  co-developed 
the  probe  with  Washington  State 
researchers  led  by  pathologist  Travis 
C.  McGuire. 

"Researchers  may  one  day  develop 
probe  kits  for  diagnosing  several 
blood  diseases  easily,"  he  says.  "This 
would  save  time  and  money  and 
provide  a  test  that  veterinarians  can 
use,  eliminating  the  current  need  to 
send  samples  to  a  diagnostic  lab." — 

Willard  L.  Goff  and  David  Stiller 
are  in  USDA-ARS  Animal  Diseases 
Research,  Room  337,  Veterinary 
Science  Building,  Washington  State 
University,  Pullman,  WA  99164-7030 
(509)335-3179.  ♦ 
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Digital  Technique  for  Constructing  Variable-Width 
Lines 


Cartographers  use  a  range  of  special- 
ized tools  to  accurately  create  lines  of 
different  widths  in  a  map  image.  The 
same  pens  and  etching  tools  that  cartog- 
raphers use  manually  can  be  used  by 
vector-based  computer  graphics  equip- 
ment to  create  lines. 

Raster-based  computer  graphics  equip- 
ment, however,  requires  software 
simulation  to  generate  lines  of  different 
widths.  Although  this  equipment  can  be 
used  to  simulate  lines  comparable  to 
those  made  by  thick  pens,  the  quality  of 
the  lines  normally  does  not  meet  the 
standards  necessary  for  making  maps. 
Patented  devices  relating  to  the  subject 
had  limitations  and  did  not  provide  a 
solution  to  this  problem. 

While  these  devices  proved  inadequate, 
technological  advancements  for  making 
maps  with  computers  continued  to 
surface,  making  it  necessary  to  improve 
the  quality  of  line  widths  through 
software  simulation.  This  issue  inspired 
Richard  L.  Rosenthal  of  USAETL's 
Center  for  Autonomous  Technologies  to 
investigate  generating  lines  in  raster  form 
using  vector-to-raster  conversion. 

The  process  of  converting  vectors  into 
rasters  (lines  into  dots)  is  extremely 
beneficial  for  the  user  who  does  not  have 
a  vector  output  device  available.  It 
provides  the  alternative  of  using  a  raster 
output  device  for  viewing  graphics. 

Rosenthal  invented  a  Digital  Technique 
for  Constructing  Variable-Width  Lines 
using  vector-to-raster  conversion.  As  the 
name  suggests,  lines  of  variable  widths 
can  be  produced  in  raster  form  without 
losing  the  quality  necessary  for  creating 
map  symbols.  The  invention,  patented  in 
198G,  provides  a  technique  that  uses 
software  simulation  for  constructing 
variable-width  map  lines  as  well  as  an 
algorithm  that  generates  lines  by 
repetitive  strokes  until  the  desired 
thickness  is  achieved. 


By  varying  the  length  of  each  stroke, 
variable-width  lines  with  rounded  ends 
can  be  produced.  Therefore,  Lines  will  not 
form  a  gap  at  the  point  of  intersection. 
These  lines  are  very  similar  to  those 
produced  by  traditional  drafting 
techniques. 

Applications  to  government 
and  industry 

This  invention  was  used  at  USAETL 
in  the  early  1980s  for  making  acceptable 
test  maps.  It  is  being  used  currently  with 
the  Map  Overlay  Statistical  System 
(MOSS)  in  USAETL's  Geographic 
Systems  Laboratory.  MOSS  allows  the 
user  to  perform  statistical  analyses  on 
vector  data. 

The  invention  is  beneficial  for 
generating  automated  map  images  and 
other  kinds  of  computer  graphics.  The 
technology  is  practical  for  use  in 
environments  where  there  is  a  need  for 
simulating  line  widths  on  binary  raster 
devices,  such  as  electrostatic  plotters  and 
for    software    packages    where    binary 


An  enlarged  line  produced  before 
Rosenthal'*  technique. 


An  enlarged  line  produced  using 
Rosenthal's  technique 
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Digital  Technique  for  Constructing  Variable-Width 
Lines 


Cartographers  use  a  range  of  special- 
ized tools  to  accurately  create  lines  of 
different  widths  in  a  map  image.  The 
same  pens  and  etching  tools  that  cartog- 
raphers use  manually  can  be  used  by 
vector-based  computer  graphics  equip- 
ment to  create  lines. 

Raster-based  computer  graphics  equip- 
ment, however,  requires  software 
simulation  to  generate  lines  of  different 
widths.  Although  this  equipment  can  be 
used  to  simulate  lines  comparable  to 
those  made  by  thick  pens,  the  quality  of 
the  lines  normally  does  not  meet  the 
standards  necessary  for  making  maps. 
Patented  devices  relating  to  the  subject 
had  limitations  and  did  not  provide  a 
solution  to  this  problem. 

While  these  devices  proved  inadequate, 
technological  advancements  for  making 
maps  with  computers  continued  to 
surface,  making  it  necessary  to  improve 
the  quality  of  line  widths  through 
software  simulation.  This  issue  inspired 
Richard  L.  Rosenthal  of  USAETL's 
Center  for  Autonomous  Technologies  to 
investigate  generating  lines  in  raster  form 
using  vector-to-raster  conversion. 

The  process  of  converting  vectors  into 
rasters  (lines  into  dots)  is  extremely 
beneficial  for  the  user  who  does  not  have 
a  vector  output  device  available.  It 
provides  the  alternative  of  using  a  raster 
output  device  for  viewing  graphics. 

Rosenthal  invented  a  Digital  Technique 
for  Constructing  Variable-Width  Lines 
using  vector-to-raster  conversion.  As  the 
name  suggests,  lines  of  variable  widths 
can  be  produced  in  raster  form  without 
losing  the  quality  necessary  for  creating 
map  symbols.  The  invention,  patented  in 
1986,  provides  a  technique  that  uses 
software  simulation  for  constructing 
variable-width  map  lines  as  well  as  an 
algorithm  that  generates  lines  by 
repetitive  strokes  until  the  desired 
thickness  is  achieved. 


By  varying  the  length  of  each  stroke, 
variable-width  lines  with  rounded  ends 
can  be  produced.  Therefore,  lines  will  not 
form  a  gap  at  the  point  of  intersection. 
These  lines  are  very  similar  to  those 
produced  by  traditional  drafting 
techniques. 

Applications  to  government 
and  industry 

This  invention  was  used  at  USAETL 
in  the  early  1980s  for  making  acceptable 
test  maps.  It  is  being  used  currently  with 
the  Map  Overlay  Statistical  System 
(MOSS)  in  USAETL's  Geographic 
Systems  Laboratory.  MOSS  allows  the 
user  to  perform  statistical  analyses  on 
vector  data. 

The  invention  is  beneficial  for 
generating  automated  map  images  and 
other  kinds  of  computer  graphics.  The 
technology  is  practical  for  use  in 
environments  where  there  is  a  need  for 
simulating  line  widths  on  binary  raster 
devices,  such  as  electrostatic  plotters  and 
for    software    packages    where    binary 


An  enlarged  line  produced  before 
Rosenthal's  technique. 


An  enlarged  line  produced  using 
Rosenthal's  technique. 
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raster  devices  must  be  compatible  with 
basic  pen  plotter  software.  It  also  can  be 
used  with  high-resolution  graphic  devices 
having  hardware  that  limits  line-width 
selection.  A  variable-width  routine 
provides  a  capability  for  constructing 
variable-width  lines. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

George  Simcox 

U.S.  Army  Engineer  Topographic  Laboratories 

Fort  Belvoir,  VA  22060-5546 

(202)  355-2629 
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Self-Testing  Computer  Memory 

A  proposed  system  would  have  increased  tolerance  to  temporary  and  permanent  faults. 


A  conceptual  memory  system  for  a  com- 
puter would  repeatedly  test  itself  during 
brief,  regular  interruptions  of  the  normal 
processing  of  data.  The  system  would  de- 
tect and  correct  such  transient  faults  as 
single-event  upsets  (changes  in  bits  due  to 
ionizing  radiation)  within  milliseconds  after 
they  occur.  Such  permanent  faults  as 
stuck  at  one,  stuck  at  zero,  short  circuits 
that  inadvertently  couple  neighboring 
memory  cells,  and  some  pattern-sensitive 
faults  could  be  detected  within  tens  of 
milliseconds  after  they  occur.  These  fea- 
tures would  enhance  the  dependability  of  a 
fault-tolerant  computer  by  increasing  the 
probability  of  recovery  of  the  memory  from 
a  detected  fault  before  it  causes  other 
faults.  The  cost  of  the  improvement  would 
be  a  modest  increase  in  the  complexity  of 
the  circuitry  and  in  the  operating  time. 

Conventional  self-checking  is  based  on 
Hamming-code  correction;  that  is,  the  in- 
clusion of  redundant  bits  in  codes  for  the 
correction  of  single-bit  errors  or  the  detec- 
tion of  double-bit  errors  in  data  words  as 
they  are  read  out  of  memory.  The  new  self- 
testing  concept  surpasses  the  convention- 
al one  by  actively  flushing  latent  defects 
out  of  memory  and  attempting  to  correct 
them  before  they  accumulate  beyond  the 
capacity  for  self-correction  or  detection. 
Circuits  would  be  designed  to  check  the 
entire  memory  during  periods  interleaved 
with  the  memory  operations  of  normal  pro- 
grams. 

The  memory  would  contain  N  words, 
with  each  bit  of  each  word  stored  in  a  sepa- 
rate memory  chip  so  that  the  failure  of  any 
single  chip  would  damage  no  more  than  1 
bit  in  any  word.  Each  word  would  consist  of 
M  information  bits  plus  P  parity  bits  to  im- 
plement the  Hamming  code.  An  additional 
memory-interface  building-block  (MIBB) 
circuit  would  provide  control  and  Hamm- 
ing encoding,  decoding,  and  correction 
(see  figure).  If  a  single  error  were  found  in  a 
word  being  readout,  the  MIBB  would  insert 
the  corrected  value  into  the  memory. 

Two  parity  bits  would  be  added  to  each 
row  of  memory  cells,  and  two  parity  check- 
ers would  be  included  on  each  chip.  One 
parity  bit  would  be  used  to  check  all  odd- 
numbered  bits,  and  the  other  parity  bit 
would  be  used  to  check  all  even-numbered 
bits  in  each  row. 


Nx1-Blt  Memory  Chips 
(Each  Contains  1  Bit  of  Each  of  N  Words) 


M  Information  Bits 


P  Parity  Bits 


Address  yS 

to  Chip  r 


A 

iaU 


Iff 


ata 
a\a 


Control 
Bus 


A 


-Data  Lines- 


\A 


A 


Memory-Interface  Building  Block 
(Hamming-Code  Correction  and  Control  of  Memory  Chips) 


i  Main  Data  Bus 


Main  Address  Bus 


To  Processor  and 
Input/Output  Circuits 


The  Correction  and  Detection  of  Errors  would  be  built  into  the  memory  system  of  the  com- 
puter and  would  require  no  special  programs.  The  memory-interface  building  block  would 
check  the  entire  memory,  one  row  of  memory  cells  (multiple  words)  at  a  time,  during  brief 
periods  interleaved  with  the  memory  operations  of  normal  computer  programs. 


Each  chip  could  be  commanded  to  per- 
form a  check  cycle  (typically  taking  less 
than  a  microsecond),  during  which  a  speci- 
fied row  of  the  memory  array  would  be 
read  out,  the  parity  would  be  checked,  and 
the  data  bits  would  be  stored  back  into  the 
row  either  unchanged  or  with  one  of  the 
three  following  permutations: 

•  Store  row  with  bits  in  odd  positions  invert- 
ed; 

•  Store  row  with  bits  in  even  positions  invert- 
ed; or 

•  Store  row  with  all  bits  inverted. 

If  a  parity  error  were  detected,  an  inter- 
nal fault  signal  would  be  sent  to  the  MIBB. 
During  a  check  cycle,  the  memory  could 
be  commanded  to  regenerate  parity.  In  this 
case,  both  parity  bits  would  be  recomputed 
over  the  selected  row.  The  MIBB  would 
then  continue  its  sweep  through  the  mem- 


ory by  initiating  check  cycles  for  other 
rows.  Repeated  information-recovery  cy- 
cles (fault  indications)  initiated  by  the  same 
chip  would  indicate  a  permanent  fault,  and 
the  central  processing  unit  could  com- 
mand that  the  affected  memory  chip  be  re- 
placed by  a  spare. 

If  a  cell  is  stuck  at  the  value  (zero  or 
one)  of  the  data  stored  in  it,  there  will  not 
be  an  error  until  an  attempt  is  made  to 
store  the  other  value  (one  or  zero)  that  it  is 
incapable  of  storing.  To  detect  this  type 
of  fault,  the  system  would  perform  two 
sweeps  that  would  invert  all  bits  m  the 
memory.  During  the  first  sweep,  data 
would  be  checked  in  the  true  form  while 
being  written  back  in  complementary  form. 
In  the  second  sweep,  complemented  data 
would  be  read  out  and  checked  while 
being  stored  back  in  memory  in  true  form. 
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Thus,  each  cell  would  be  required  to  take 
on  both  one  and  zero  values,  and  the  on- 
chip  parity  check  would  be  used  to  verify 
that  this  took  place. 

Coupling  between  neighboring  cells 
would  be  tested  according  to  a  similar  prin- 
ciple —  via  the  responses  to  permutations 
of  the  bit  in  each  cell  with  the  bit  in  each  of 
the  neighboring  cells.  This  test  could  be 
performed  on  every  cell  in  the  memory  in 
no  more  than  16  sweeps. 

During  norma!  memory  readouts  initi- 
ated by  the  data  processor  in  input/output 
circuits,  the  memory  chip  would  perform  in 
the  conventional  manner,  without  internal 
parity  checks.  During  normal  writing  to 
memory,  the  corresponding  row  would  be 
read  out,  the  selected  bit  modified,  and  the 
row  re-stored  back  into  the  memory  array. 
If  the  bit  being  stored  were  different  from 
the  bit  originally  contained  in  the  memory, 
the  associated  (odd  or  even)  parity  bit 
would  be  inverted. 

This  work  was  done  by  Savio  N.  Chau 
and  David  A.  Rennets  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-16850/TN 
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Analyzing  Pulse-Code  Modulation  on  a  Small  Computer 

Relatively  inexpensive  equipment  can  assist  in  the  diagnosis  of  faulty  encoders. 


A  system  for  the  analysis  of  pulse-code 
modulation  (PCM)  comprises  a  personal 
computer,  a  computer  program,  and  a  per- 
ipheral interface  adapter  on  a  circuit  board 
that  plugs  into  the  expansion  bus  of  the 
computer  (see  figure).  While  the  system  is 
no  match  for  an  expensive  real-time  telem- 
etry-data-processing computer,  it  fills  the 
need  for  relatively  inexpensive  means  to 
test  PCM  encoders.  Furthermore,  the  sys- 
tem enables  faster  testing  and  involves 
less  equipment  than  do  older  testing  sys- 
tems. 

The  system  functions  essentially  as  a 
"snapshot"  PCM  decommutator,  which 
accepts  and  stores  thousands  of  frames  of 
PCM  data,  then  sifts  through  them  repeat- 
edly to  process  them  according  to  routines 
specified  by  the  operator.  By  displaying  the 
data  and/or  results  of  processing,  the  sys- 
tem assists  in  the  diagnosis  of  such  encoder- 
circuit  malfunctions  as  crosstalk  between 
input  channels,  lack  of  synchronization,  in- 
correct timing  of  data  within  data  time 
•frames,  and  bit  errors. 

The  circuit  on  the  peripheral  board  con- 
tains 16K  of  8-bit  bytes  (131,072  bits)  of  ran- 
dom-access memory  (RAM),  an  address 
counter/decoder,  a  byte  counter,  control 
logic,  a  shift  register,  and  an  interface- 
adapter  port.  Regardless  of  the  size  of  data 
words  in  the  PCM  format,  the  incoming 
PCM  data  are  converted  in  the  shift  regis- 
ter to  8-bit-wide  data,  then  stored  in  the 
RAM.  The  circuit  acts  as  a  "windowing" 
device;  i.e.,  the  latest  PCM  data  are  always 
being  stored  in  the  RAM.  When  the  circuit 
receives  a  "stop"  trigger,  either  manually 
or  automatically,  the  last  131,072  bits  that 
were  transmitted  are  frozen.  After  the  data 
are  stored,  the  microcomputer  starts  to 
load  bits  from  the  storage-device  RAM  into 
the  main  computer  RAM  and  begins  to 
process  these  bits. 

The  computer  program  operates  in 
three  main  modes:  "frame  display/scan," 
"graph  plot,"  and  "word  compare."  The 
"frame  display/scan"  mode  displays  a 
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The  Peripheral  Interface  Board  plugs  into  the  expansion  bus  of  a  small  computer  and  en- 
ables the  computer  to  analyze  PCM  signals. 


frame  of  data  grouped  into  words  and 
numbered  on  the  television  screen  of  the 
computer.  These  data  can  be  examined 
further  by  selecting  a  particular  word  and 
scanning  all  other  frames  for  this  word. 
This  mode  also  enables  the  selection  and 
examination  of  frames  of  data  in  sequence 
and  at  random. 

The  "graph  plot"  mode  enables  the  se- 
lection of  a  particular  word  in  a  PCM  frame 
and  plots  this  word  in  every  stored  frame 
on  a  graph.  This  is  effectively  a  graphical 
digital-to-analog  converter. 

The  "word  compare"  mode  enables  the 
comparison  of  a  word  or  words  in  all  stored 
frames.  These  comparisons  can  be  made 
to  search  for  errors  or  changes  in  data 
values  or  to  perform  other  statistical  func- 
tions. 

The  present  storage  capacity  of  1 31 ,072 
bits  is  insufficient  for  the  analysis  of  PCM 
systems  that  put  out  data  at  rates  ap- 
proaching 1  Mb/s.  The  design  of  the  next 


version  of  the  circuit  calls  for  2  to  8  Mb  of 
memory  in  252K  dynamic-RAM  chips.  The 
new  design  will  increase  the  complexity  of 
the  hardware  slightly.  The  only  changes  in 
the  program  are  to  increase  pointer  ad- 
dresses to  enable  the  reading  of  all  of  the 
storage  RAM.  The  circuit  would  be  able  to 
store  10  seconds  of  data  at  800  kb/s.  or 
about  50,000  frames  of  average  size. 

This  work  was  done  by  David  E.  Massey 
of  Goddard  Space  Flight  Center  Further 
information  may  be  found  m  NASA  TP- 
2629  [N87-12718/NSP],  [price  code:  A02] 
"Pulse  Code  Modulation  (PCM)  Data 
Storage  and  Analysis  Using  a  Micro- 
computer.'' 

Copiers  may  be  purchased  from  the 
National  Technical  Information  Service. 
Springfield.  Virginia  22161.  Telephone 
No.  (703)  487-4650  Rush  orders  may 
be  placed  for  an  extra  fee  by  caMng 
(800)  33&4700.  GSC-13170/TN 
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BWI  Airport.  MD  21240:  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Software 


Technology  Assessment 

U.S.  Air  Force 


ADA  Compiler  Evaluation  Capability  Software  Product 


The  DACS  is  now  distributing  the  Ada  Compiler  Evaluation  Capability 
(ACEC)  Software  Product,  which  was  developed  by  Boeing  Military 
Airplane  Company  for  the  Air  Force  Wright  Aeronautical  Laboratories. 
The  ACEC  Software  Product  provides  the  capability  to  determine  the 
performance  characteristics  of  Ada  compilation  systems. 

The  ACEC  Software  Product  consists  of  the  operational  software  and 
the  support  software.    The  operational  software.    The  operational 
software  is  a  suite  of  performance  test  programs  which  make  it  pos- 
sible to  compare  the  performance  of  several  implementations;  isolate 
the  strong  and  weak  points  of  a  specific  system,  relative  to  other 
systems  which  have  been  tested;  determine  what  significant  changes 
were  made  between  releases  of  a  compilation  system;  and  predict 
performance  of  alternate  coding  styles.     The  support  software  is  a  set 
of  tools  and  procedures  which  assist  in  preparing  the  test  suite  for 
compilation,  in  extracting  data  from  the  results  of  executing  the  test 
suite,  and  in  analyzing  the  performance  measurements  obtained. 

The  ACEC  Software  Product  is  export-controlled.     The  DACS,  therefore, 
is  authorized  to  distribute  the  product  only  to  U.S.  Government  agencies 
and  to  organizations  certified  as  qualified  contractors  by  the  Defense 
Logistics  Services  Center  (DLSC).     In  addition,  a  "Statement  of  Terms 
&  Conditions"  must  be  completed  by  the  requesting  organizations  and 
approved  by  the  U.S.  Air  Force  prior  to  the  DACS  releasing  the  ACEC 
Software  Product  to  any  non-Air  Force  organization. 

FOR  ADDITIONAL  INFORMATION:    The  ACEC  Information  Package 
contains  additional  information  about  the  product,  ordering  information, 
a  "Statement  of  Terms  &  Conditions,"  and  an  application  to  register 
with  the  DLSC,  Data  &  Analysis  Center  for  Software,  RADC/COED, 
Griff  is  AFB,  NY  13441-5700;  (315)  336-0937. 
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Software 


File-Format  Program  for 
Transferable  Output 
ASCII  Data 

TOAD  utilities  are  machine- 
independent  and  require 
minimal  central  memory. 

The  Transferable  Output  ASCII  Data 
(TOAD)  file-format  computer  program  facil- 
itates the  transfer  of  data  files  from  one 
computer  installation  to  another.  TOAD 
files  are  of  the  preferred  type  and  record 
length  to  make  them  easy  to  edit,  read,  and 
write  on  magnetic  tape  or  to  transfer 
across  communications  networks.  Appli- 
cations programs  can  write  TOAD  files  di- 
rectly yet  still  conform  to  all  ANSI  FOR- 
TRAN 77  standards. 

The  TOAD  utilities  are  written  in  ANSI 
FORTRAN  77  and  have  been  implemented 
on  CDC  NOS,  CDC  NOS/VE,  VAX  VMS, 
VPS-32  VSOS,  and  Gould  UNIX  systems, 
requiring  a  minimum  of  central  memory. 
This  technique  and  these  utilities  are 
machine-independent.  The  TOAD  format 
and  associated  utilities  were  developed  in 
1985. 

777/s  program  was  written  by  Bradford 
Bingle  of  Computer  Sciences  Corp.  for 
Langley  Research  Center.  For  further  in- 
formation, Circle  103  on  the  TSP  Request 
Card. 
LAR-13755 


FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Electrotechnology 


0253  Automatic  Impedance  Adjustment 

0254  Modification  Leading  to  an  Ultra-Precise  Regulated  Power  Supply 

0255  Low-Loss  Amorphous  Transformers  Tested 

0256  Approximations  for  Controls  of  Hereditary  Systems — Convergence 
properties  of  controls,  trajectories,  and  feedback  kernels  are  analyzed. 

0257  Estimating  Rates  of  Single-Event  Upsets — Probabilities  of  errors  are 
calculated  from  a  semiempirical  model. 

0258  High-Capacity  Aeronautical  Satellite  Communication  System — This 
system  would  provide  safety-related  communications  to  growing  air 
traffic. 

0259  Lens  Antenna  for  Mobile/Satellite  Communication — A  phased  array  of 
elements  would  lie  flat  on  top  of  a  vehicle.  (Licensing  Opportunity) 

0260  New  Mode  for  Single-Event  Upsets — Experimental  data  indicate  a 
previously-unsuspected  conduction  path. 

0261  Protective  Socket  for  integrated  Circuits — A  built-in  switch  would  protect 
against  transients  during  removal  and  insertion. 

0262  Repeated  Transmissions  in  Mobile/Satellite  Communications — 
Repetition  would  increase  throughput  and  decrease  delay. 

0263  Shifting  of  Image  Fields  for  Better  Stereoscopic  TV  Images — Improved 
high-resolution,  low-distortion,  stereoscopic  images  can  be  achieved 
electronically.  (Licensing  Opportunity) 

0264  Synthetic-Aperture  Radar  Processor  for  Large  Drift  Angle — Digital 
processing  corrects  for  large  range  migration. 

Testing  &  Instrumentation 

0265  Measuring  Critical  Charges  for  Single-Event  Upsets— A  test  circuit 
would  make  direct  measurements  possible  for  the  first  time. 

0266  Microwave  Deflection  Sensor — Movement  is  measured  via  the  phase  of 
the  reflection. 


Other  Items  of  Interest 

0272     Comprehensive  Silicon-Solar-Cell  Program — Nonlinear  equations  that 
describe  performance  are  solved  iteratively. 


U,S-  Army  Fact  Sheet 


Automatic  Impedance  Adjustment 


A  new  tuning  procedure  on  four  pieces  of  |JjflL-band  Dual  IF  Amplifier 
and  three  pieces  of  a  four-stage  GaAs  X-band  transmit  amplifier  was 
recently  demonstrated  by  Westinghouse  as  a  deliverable  for  a  MMT 
contract.     They  used  a  computer-aided  tuning  system  fabricated  from 
commercially  available  equipment.     A  preliminary  layout  of  an  auto- 
mated impedance  adjustment  station  has  been  designed  for  production. 
Reductions  in  test/tune  cycle  times  of  about  70-90  percent  are  anti- 
cipated used  a  fully  automated  system.     In  an  actual  test  performed 
in-house  the  2  1/2  to  3  hr  manual  operation  was  reduced  to  2  1/2  to 
3  min  using  the  automated  system. 

FOR  ADDITIONAL  INFORMATION:     Additional  information  can  be 
obtained  by  contacting  Mr.  J.  Sergeant,  AMXIB-PA,  Production 
Engineering  Division,  U.S.  Army  Industrial  Engineering  Activity,  Rock 
Island,  IL  61299-7260;  (309)  782-6226. 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 

Modifications  Leading  To  An  Ultra-Precise  Regulated 
Power  Supply 


Even  as  Fermilab  pushes  the  boundaries  of  known  particle  physics,  so  that  quest  leads 
technicians  and  engineers  to  push  the  known  boundaries  of  available  technology.  A  recent 
example  is  the  modification  of  a  commercially  available  power  supply  which  now  permits 
operation  at  0.001%  (1  part  in  10  E5),  for  a  10-fold  performance  improvement. 

This  leap  ahead  was  accomplished  by  specifying  to  the  manufacturer  (1)  what  transducers  to 
use  (D/A  and  transducers),  and  (2)  requirements  of  output  "glitch"  filters  and  "active"  grounds. 
The  resulting  power  supplies  are  now  installed  and  operating  successfully  as  modifications  on 
operating  units  for  the  8-GeV  Accumulator  and  Debuncher  rings  at  the  Fermilab  Antiproton 
Source,  where  beams  of  antiprotons  are  stored  for  periods  in  excess  of  24  hours.  These  long 
storage  times  require  long-term  beam  stability,  meaning  that  resonances  of  up  to  order  1 1  must 
be  avoided  in  the  power  supplies  for  the  main  quadrupole  and  main  dipole  busses. 

The  Fermilab  Office  of  Research  and  Technology  Application  sees  potential  use  for  these 
modifications  in  areas  where  ultra-precise  regulation  is  a  must,  such  as  in  magnetic  resonance 
imaging  magnet  power  supplies. 


For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

MS  208 

Batavia,  IL  60510 

(312)  840-3333 


Refer  to  FAA-386/TN 
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Low-Loss  Amorphous  Transformers  Tested 


Last  fall,  the  Naval  Civil 
Engineering  Laboratory  (NCEL), 
Port  Hueneme,  California,  man- 
ager of  the  Navy's  energy 
research  and  development 
program  for  naval  shore 
facilities,  installed  the  world's 
largest  commercial  grade,  three- 
phase  amorphous  transformers 
at  the  Public  Works  Center 
(PWC),  Pearl  Harbor,  Hawaii. 
These  transformers  feature  non- 
crystalline silicon  steel  cores  that 
dramatically  reduce  transformer 
core  losses  (energy  losses  that 
occur  when  transformers  are 
energized). 

According  to  NCEL's  prin- 
cipal PCB  investigator,  NCEL 
responded  to  Environmental 
Protection  Agency  regulations 
and  retrofitted  eight  110  PCB 
transformers  with  low-loss  150 
kilovolt  ampere  (kVA)  trans- 
formers at  PWC,  Pearl  Harbor. 
An  additional  16  units  were 
decontaminated  experimentally 
by  two  commercial  processes  that 
used  fluids  to  leach  residual  PCB. 
Installation  of  amorphous  trans- 
formers at  Pearl  Harbor  was 
NCEL's  first  large-scale  partici- 
pation in  the  Navy's  major  effort 
to  mitigate  PCB-transformer 
risks.  The  PCB  cleanup  was 
extended  to  PWC,  Norfolk, 
Virginia,  where  work  has  started 
on  a  five-year  project  involving 
230  transformers     that  could 


contain  approximately  35,000 
gallons  of  PCB. 

Eight  pad-mounted  trans- 
formers were  designed  to  meet  all 
standard  commercial  grade  tests 
and  were  made  for  field-testing. 
After  taking  initial  measure- 
ments of  energy  losses,  NCEL 
investigators  determined  that 
the  core  losses  were  less  than 
predicted  for  all  transformer  field 
tests  and  evaluation. 

The  Navy  operates  approxi- 
mately 79,000  liquid-filled 
distribution  transformers  at  150 
locations  with  transformer  sizes 
ranging  from  1  to  26,400  kVA.  If 
all  Navy  transformers  were 
replaced  during  this  century  by 
amorphous  transformers,  the 
Navy  would  realize  cost  savings 
of  about  $28  million  annually,  or 
approximately  a  billion  dollars 
during  the  normal  30-year  life- 
time of  transformers.  Forecasts 
of  such  impressive  savings  are 
based  on  the  fact  that  amorphous 
transformers  reduce  no-load 
electrical  losses  by  70  percent 
compared  to  conventional  silicon 
steel  transformer  losses.  No-load 
losses  cost  the  Navy  an  estimated 
$40  million  annually. 

As  an  emerging  technology, 
amorphous  transformers  will 
meet  the  typical  wide  swings  in 
Navy  transformer  load  from  no- 
load  to  fully  loaded.  Shipyard 
transformers  are  lightly   loaded 
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when  ships  are  at  sea.  When  the 
fleet  is  in  port,  transformers  are 
heavily  loaded.  Many  Navy 
transformers  operate  at  or  near 
no-load  most  of  the  time  but  are 
sized  for  immediate  '  mission 
readiness. 

Researchers  at  NCEL 
consider  commercial  amorphous 
transformers  through  500  kVA 
to  be  reliable  PCB  transformer 
replacements.  Commercial  pro- 
duction grade  transformers  are 
available  through  150  kVA. 
Because  of  the  need  to  eliminate 
PCB  transformer  risk  with  a 


cost-effective  transformer  re- 
placement, the  Navy  has 
accelerated  commercial  avail- 
ability of  amorphous  trans- 
formers by  three  years. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  131004/TN 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Approximations  for  Con- 
trols of  Hereditary  Systems 

Convergence  properties 
of  controls,  trajectories, 
and  feedback  kernels 
are  analyzed. 

A  report  discusses  the  use  of  factoriza- 
tion techniques  to  approximate  the  optimal 
feedback  gains  in  the  finite-time,  linear-reg- 
ulator/quadratic-cost-function problem  of  a 
system  governed  by  retarded-functional- 
difference  equations  (RFDE's)  with  control 
delays.  The  author  presents  an  approach 
to  factorization  based  on  a  discretization  of 
the  state  penalty  that  leads  to  a  simple 
structure  for  the  feedback  control  law. 

The  recently-developed  factorization 
methods  connect  the  problems  of  synthe- 
sis of  controls,  modeling  of  distributed  sys- 
tems, and  approximation  more  tightly  than 
does  the  traditional  infinite-dimensional 
Riccati  formalism.  These  methods  rely 
heavily  on  the  variation-of-constants 
formula  for  RFDE's  and  general  Volterra 
factorization  results  for  Hilbert-Schmidt  op- 
erators. The  feedback  kernel  is  realized  in 
terms  of  solutions  to  certain  nonlinear 
Volterra  equations  (i.e.,  the  factorization) 
associated  with  the  fundamental  matrix  of 
RFDE's.  The  terms  for  control  delays  do 
not  introduce  any  new  conceptual  dif- 
ficulties with  the  factorization  approach. 
Questions  about  the  convergence  of  ap- 
proximations of  the  feedback  gains  reduce 
to  corresponding  questions  regarding  the 
convergence  of  solutions  to  related  fac- 
torization problems. 

The  author  shows  that  if  the  cost  func- 
tion of  the  state  in  the  regulator  problem  is 


a  discrete  sum  with  no  integral  term,  then 
the  associated  factorization  problem  is 
solved  by  matrix  inversion,  and  the  exact 
feedback  kernel  can  be  defined  in  terms  of 
the  fundamental  matrix  solution,  quadra- 
ture, and  the  solutions  to  finite-dimensional 
linear  equations.  Thus,  an  approximation 
scheme  for  the  problem  containing  an  in- 
tegral state-penalty  term  can  be  developed 
by  approximating  this  term  by  quadrature 
and  solving  exactly  for  the  feedback  ker- 
nel of  the  resulting  discretized-state-cost 
problem.  This  approach,  together  with  ar- 
guments relating  to  factorization,  is  used  to 
establish  0(1/n)  L^-convergence  of  the  ap- 
proximate feedback  kernels  in  the  case  of 
time-varying  control  delay. 

The  analysis  begins  with  the  mathemati- 
cal preliminaries,  including  a  recapitula- 
tion of  some  previous  relevant  work  on  fac- 
torization —  particularly  certain  aspects  of 
the  Volterra  factorization  and  how  they  ap- 
ply to  the  RFDE  control  problem.  Next,  the 
L^-convergence  results  for  the  feedback 
kernels,  controls,  and  trajectories  are 
presented.  Instead  of  considering  specific 
quadrature  schemes  approximating  the 
state  cost,  all  the  results  are  proved  with 
respect  to  a  sequence  of  Borel  measures 
satisfying  certain  convergence  hypothe- 
ses. The  principal  mathematical  tool  at  this 
stage  of  the  analysis  is  a  factorization  lem- 
ma that  asserts  that  the  factorization  prob- 


lem is  well  posed  in  the  space  of  integral 
operators  with  essentially  bounded  ker- 
nels. 

The  explicit  form  of  the  optimal  feed- 
back kernel  associated  with  discrete  state 
cost  is  then  derived.  The  resulting  approxi- 
mation scheme  developed  from  the  cost 
discretizations  is  then  used  as  an  analytical 
tool  to  obtain  further  results  regarding  the 
feedback  kernel.  For  example,  using  es- 
sentially matrix  manipulation,  a  Wiener- 
Hopf  integral  equation  for  the  optimal  feed- 
back kernel  is  derived  and  shown  to  be  the 
control-delay  generalization  of  a  Wiener- 
Hopf  equation  previously  derived  for  the 
feedback  kernel  via  a  maximum  principle. 

Two  algorithms  representing  implemen- 
tations of  the  basic  approximation  scheme 
are  derived.  In  the  time-invariant  case,  a 
fast  algorithm  is  derived  by  exploiting  the 
near-Toeplitz  structure  of  the  system  of 
equations  that  defines  the  feedback  ker- 
nel. A  simple  numerical  example  is  also 
presented. 

777/s  work  was  done  by  Mark  H.  Milman 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

"Approximating  the  Linear  Quadratic  Op- 
timal Control  Law  for  Hereditary  Systems 
With  Delays  in  the  Control, " 

NPO-17222/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Estimating  Rates  of  Single-Event  Upsets 

Probabilities  of  errors  are  calculated  from  a  semiempirical  model. 


A  mathematical  model  yields  estimates 
of  the  upper  and  lower  bounds  on  the  rates 
of  single-event  upsets  (SEU's)  in  logic  cir- 
cuits. SEU's  are  reversible  changes  in 
logic  states,  caused  by  single  high-energy 
ions.  The  model  should  be  useful  in  the 
design  of  such  integrated  circuits  as  high- 
density  memories  for  minimal  susceptibili- 
ty to  bit  errors. 

According  to  the  model,  SEU  occurs  in  a 
memory  cell  that  holds  1  bit  when  an  ion 
penetrates  a  critical  volume  Vc  in  the  cell 
and  deposits  there  enough  energy,  Ec,  to 
form  at  least  a  critical  charge  Qc.  The  pa- 
rameters in  the  model  are  obtained  experi- 
mentally by  measuring  the  rates  of  the 
SEU's  and  the  energies  deposited  by  ions 
that  come  to  rest  in  and  that  pass  through 
the  critical  volume  of  the  cell  (see  figure). 

First,  the  minimum  ion  energy  Ec  for 
SEU  is  assumed  to  be  the  measured  ener- 
gy of  high-stopping-power  heavy  ions  (e.g., 
bromine)  that  enter  the  cell  along  a  track 
perpendicular  to  the  surface  and  come  to 
rest  in  the  critical  volume.  The  critical 
charge,  Qc,  in  picocoulombs,  is  assumed 
to  be  given  by  Qc  =  EJ22.5,  Ec  being  ex- 
pressed in  megaelectronvolts.  The  ion  en- 
ergy is  then  increased  until  the  measured 
SEU  cross  section,  A,  per  bit  (that  is,  per 
cell)  reaches  its  maximum  value,  Amax. 

Next,  measurements  are  made  with 
light  ions  (e.g.,  carbon)  of  lower  stopping 
power,  which  pass  through  the  critical 
volume  of  the  cell.  In  this  case,  the  max- 
imum ion  energy  that  causes  SEU  is  deter- 
mined since  the  stopping  power  de- 
creases with  increasing  energy.  The  values 
of  the  linear  energy  transfer  (LET)  and 


linear  charge  transfer  (LCT)  at  this  energy 
correspond  to  the  critical  values  LETC  and 
LCTC,  respectively,  of  these  two  parame- 
ters. The  charge-collection  depth,  d,  is 
calculated  in  micrometers  from  the  follow- 
ing: 

of  =  QC/LCTC 
where  Qc  is  in  picocoulombs,  LCT  is  in 
picocoulombs  per  micrometer,  and  LET  (in 
MeV.cm2/mg)/LC7"~  100  (MeV.cm2.Mm)/ 
(mg.pC).  The  critical  volume  is  then  given 

In  applying  the  model  to  an  ion  track  that 
passes  through  the  cell  at  an  arbitrary 
angle  (0)  and  has  a  chord  length  L  through 
the  cell,  SEU  is  assumed  to  occur  if  the  col- 


lon 


lected  charge  0  =  L.LC7"isatleastQc.To 
estimate  the  rate  of  SEU  contributed  by 
ions  entering  from  all  angles,  it  is  neces- 
sary to  have  detailed  data  on  the  LET  spec- 
trum and  its  dependence  on  the  orientation 
of  the  ion  track.  However,  the  minimum  er- 
ror rate  can  be  estimated  by  assuming  that 
all  the  ions  in  a  given  radiation  environment 
enter  at  normal  incidence  (producing  the 
shortest  possible  ion  track  in  the  shallow 
critical  volume),  while  the  maximum  error 
rate  can  be  estimated  as  that  of  particles 
traveling  along  the  body  diagonal  (the 
longest  possible  ion  track)  through  the 
critical  volume. 

This  work  was  done  by  John  A. 
Zoutendyk  of  Caltech  for  NASA's  Jet  Pro- 
'  pulsion  Laboratory. 

NPO-17270/TN 
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ION  TRACK 
IN  CRITICAL  VOLUME 


Energetic  Ions  are  passed  through  the  device  in  question  along  tracks  perpendicular  to  the 
surface,  to  determine  the  parameters  of  the  model  for  SEU.  The  parameters  are  then  used  to 
estimate  the  rates  of  SEU  caused  by  ions  of  various  energies  incident  at  arbitrary  angles. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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High-Capacity  Aeronautical  Satellite  Communication  System 

This  system  would  provide  safety-related  communications  to  growing  air  traffic. 


A  proposed  high-capacity  satellite  com- 
munication system  would  serve  as  many 
as  86,000  aircraft.  It  would  handle  data  and 
voice  messages  to  and  from  commercial 
and  general-aviation  airplanes  for  auto- 
matic surveillance  and  air-traffic  control  in 
the  contiguous  United  States.  It  would  ac- 
commodate increasing  air  traffic  while 
greatly  reducing  the  load  on  terrestrial 


facilities  and  decreasing  the  amount  of 
new  construction. 

The  system  is  primarily  designed  to 
serve  aircraft  en  route;  aircraft  near  ter- 
minals are  best  served  by  ground-based 
systems.  The  system  would  provide  5,093 
forward  communication  channels  (from 
the  ground  to  aircraft)  and  7,093  reverse 
channels  (from  aircraft  to  ground).  This 


allocation  of  forward  and  reverse  channels 
reflects  anticipated  communication  traffic 
patterns. 

Two  satellites  would  be  spaced  30° 
apart  in  geostationary  orbit  (see  figure). 
Each  would  contain  a  small  Ku-band  an- 
tenna for  communication  between  ground 
stations  and  the  satellite  and  a  large  (15-m) 
deployable  L-band  antenna  for  communi- 
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East  and  West  Satellites  would  relay  messages  from  the  ground  to  airplanes  and  from  airplanes  to  the  ground.  The  use  of  two  satellites  in- 
stead of  one  increases  the  availability  of  services  and  the  reliability  of  the  system. 
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cation  between  aircraft  and  the  satellite. 
The  L-band  antennas  would  generate  31 
and  28  beams,  respectively.  To  enlarge  the 
capacity  of  the  system,  the  same  frequen- 
cies would  be  reused  in  beams  directed  to 
widely-separated  geographic  areas.  The 
large  size  of  the  L-band  antenna  increases 
frequency  reuse  and  alleviates  the  burden 
on  the  airborne  terminals. 

To  accommodate  the  limitations  of  gen- 
eral-aviation receivers,  each  beam  would 
employ  two  transmitters:  one  producing  5 
W  of  radio-frequency  power  for  commer- 
cial aviation  and  another  producing  18  W 
for  general  aviation.  The  Ku-band  transmit- 
ter would  produce  55  W. 

The  electronic  equipment  on  the  aircraft 
would  require  special  provisions  to  accom- 
modate the  relative  motion  between  air- 
craft and  the  satellites.  For  example,  the 
combination  of  the  aircraft-to-satellite 
range  variation,  multipath  fading,  and  vari- 
ation of  antenna  gain  with  aircraft  orienta- 


tion would  cause  the  strength  of  a  signal 
received  at  the  satellite  from  an  aircraft  to 
vary  over  a  few  decibels.  The  varying 
signal  would  waste  satellite  power  and  in- 
crease intermodulation  distortion.  Accord- 
ingly, uplink  power-control  circuitry  would 
be  included  in  aircraft. 

The  frequency  of  the  signals  received 
and  transmitted  by  the  aircraft  would  be 
subject  to  large  Doppler  shifts.  The  result- 
ing uncertainty  in  frequency  could  increase 
the  time  necessary  to  acquire  air-too/ound 
transmissions  and  necessitate  large  inter- 
vals of  frequency  between  channels, 
thereby  wasting  the  spectrum.  According- 
ly, a  frequency-compensation  scheme  is 
planned  for  the  aircraft  —  one  that  would 
control  frequency  tightly  without  a  stable 
and  costly  oscillator.  A  ground  station 
would  send  corrections  to  account  for  the 
satellite-induced  portion  of  the  Doppler 
shift  and  for  drift  in  the  oscillator  on  board. 
The  aircraft  would  perform  regular  fre- 


quency calibrations  to  reduce  frequency 
uncertainties. 

The  antenna  for  a  commercial  aircraft 
would  be  a  medium-gain  phased  array.  For 
general  aviation,  a  nearly  omnidirectional 
antenna  is  proposed.  More  than  one  anten- 
na may  be  needed. 

The  ground  stations  would  be  integrat- 
ed with  20  air-traffic-control  centers.  The 
combined  system  would  retain  the  major 
characteristics  of  the  existing  air-traffic- 
control  system.  The  transition  to  the  new 
satellite-based  system  —  planned  for  the 
1990's  —  should  therefore  be  a  smooth 
one. 

This  work  was  done  by  M.  K.  Sue,  F. 
Davarian,  and  H.  W.  Chan  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
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Lens  Antenna  for  Mobile/Satellite  Communication 

A  phased  array  of  elements  would  lie  flat  on  top  of  a  vehicle. 


A  proposed  flat,  compact  antenna 
made  of  stripline  elements  would  be  aimed 
at  a  fixed  elevation  angle  but  could  be 
steered  electronically  in  azimuth.  The  an- 
tenna is  required  to  transmit  and  receive 
circularly  polarized  radiation  in  the  fre- 
quency ranges  of  821  to  825  and  860  to 
870  MHz,  respectively,  at  elevation  an- 
gles from  20°  to  60°  and  at  all  azimuthal 
angles.  Intended  for  use  in  the  Mobile/Sat- 
ellite Service,  the  antenna  would  be  mount- 
ed on  top  of  a  vehicle  on  Earth  and  used  to 
keep  the  transmitted  and  received  antenna 
beams  aimed  approximately  toward  a 
communication  satellite. 


The  design  is  simplified  by  maintaining 
a  fixed  elevation  and  relying  on  the  width 
of  the  beam  to  cover  the  desired  elevation 
range.  The  design  is  simplified  further, 
and  the  need  for  a  phase  shifter  at  each 
radiating  element  is  eliminated  by  arrang- 
ing the  elements  in  circles  and  feeding 
them  through  stripline  disks  called  "R-KR 
lenses"  (see  Figure  1).  Connectors  are 
distributed  at  equal  intervals  around  the 
edge  of  each  lens  to  provide  ports  to  the 
signal.  The  elevation  angle  depends  on  the 
radius  ratio  K  and  the  dielectric  constant  of 
the  stripline  substrate.  The  relationships 
among  the  ports,  elements,  and  lens  are 


such  that  the  far  radiation  fields  of  the 
elements  add  in  phase  along  the  desired 
beam  direction. 

A  pair  of  lenses  is  required  per  circle  of 
elements  for  complete  azimuth  coverage. 
For  complete  illumination  of  the  aperture,  it 
is  necessary  to  use  two  lens  pairs:  an  up- 
per (B,  and  B2  in  Fig.  2)  and  a  lower  pair  (A, 
and  A2  in  Fig.  2).  Radiating  elements  are 
connected  to  the  lenses  and  their 
associated  switching  networks  (see  Figure 
2)  through  90°  hybrids.  The  switching  net- 
work for  each  lens  includes  two  90° 
hybrids,  a  360°  phase  shifter,  and  a 
positive/intrinsic/negative  diode  for  each 


element.  Each  diode  acts  as  the  on/off 
switch  for  its  port,  while  the  hybrid  phase- 
shifter  arrangement  enables  power  to  be 
shared  between  ports,  thereby  doubling 
the  number  of  azimuthal  aiming  angles  and 
reducing  the  variation  of  gain  with  azimuth 
angle  between  selectable  beam  direc- 
tions. 

Of  the  two  designs  subjected  to  comput- 
er simulation,  the  more  successful  one  in- 
volved a  2-ring  system  with  12  elements 
on  the  inner  ring  and  12  on  the  outer  ring. 
The  worse  case  gain  at  any  azimuth  angle 
including  all  losses  as  well  as  lobing  losses 
resulting  from  satellite  tracking,  is  12.3 
dBic  at  40°,  10.2  dBic  at  60°,  and  8.7  dBic 
at  20°  elevation.  This  configuration  pro- 
duces 48  beams  and  provides  360°  of  azi- 
muthal coverage. 

Figure  1.  An  "R-KR  Lens"  is  a  circular 
stripline  element  that  sets  the  proper  phase 
relationships  among  radiating  antenna 
elements. 
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Figure  2.  The  Choice  of  Input  or  Output  Ports  determines  the  azimuth  of  the  transmitted  or  received  beam  in  this  two-ring,  four-lens  antenna. 
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New  Mode  for 
Single-Event  Upsets 

Experimental  data  indicate 
a  previously-unsuspected 
conduction  path. 

A  brief  report  presents  the  theory  and 
experimental  data  regarding  a  newly  dis- 
covered mode  for  single-event  upsets 
(SEU's)  in  complementary  metal-oxide/ 
semiconductor,  static  random-access 
memories  (CMOS  SRAM's).  SEU  cross 
sections  larger  than  those  expected  from 
previously  known  modes  had  given  rise  to 
speculation  regarding  the  additional  mode, 
and  subsequent  cross-section  measure- 
ments appear  to  confirm  the  speculation. 

A  CMOS  SRAM  cell  includes  a  bistable 
circuit  with  two  internal  nodes,  one  of 
which  is  near  the  source-supply  voltage 
while  the  other  is  near  the  drain-supply  volt- 
age, in  the  steady  state.  In  each  of  the  pre- 
viously known  modes  of  SEU,  the  charge 
collected  from  an  ion  track  causes  the  af- 


fected internal  node  to  be  pulled  to  the 
polarity  previously  assigned  to  the  other 
node  by  discharging  or  charging  the  gate 
of  the  inverter  opposite  the  one  crossed  by 
the  track.  These  events  occur  in  the  drain 
areas  of  the  p-  and  n-channel  transistors 
that  are  in  the  nonconducting  (off)  state  on- 
ly. The  total  cross  section  per  bit  for  these 
types  of  SEU's  is  the  sum  of  areas  of  the 
p+  diffusion,  n+  diffusion  and  surrounding 
depletion  regions  of  the  drains. 

According  to  the  theory  of  the  newly  dis- 
covered mode,  an  ion  track  that  passes 
through  the  inner-node  diffusion  (n+)  drain 
of  an  n-channel  transistor  in  the  conduct- 
ing (on)  state  can  bridge  the  vertical  npn 
structure  and  thereby  pull  a  node  that  is 
normally  near  the  source-supply  voltage 


toward  the  drain-supply  voltage,  causing 
the  gate  of  the  opposite  inverter  to  charge 
up  toward  the  drain-supply  voltage.  The 
cross  section  per  bit  due  to  this  type  of  SEU 
should  correspond  to  the  n+  diffusion  area 
alone.  The  measured  total  SEU  cross  sec- 
tions as  functions  of  energy  show  plateaus, 
the  differences  between  which  do,  indeed, 
correspond  to  the  sizes  of  the  cell  features 
to  which  they  are  causally  related. 

This  work  was  done  by  John  A. 
Zoutendyk,  Lawrence  S.  Smith,  and 
George  A.  Soli  of  Caltech,  and  Roger  Y.  Lo 
of  Intel  Corp.  for  NASA's  Jet  Propulsion 
Laboratory 

"Experimental  Evidence  for  a  New  SEU 
Mode  in  a  CMOS  SRAM," 
NPO-17266/TN 
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Protective  Socket  for  Integrated  Circuits 


A  built-in  switch  would  protect 
against  transients  during 
removal  and  insertion. 

A  proposed  socket  for  integrated  cir- 
cuits (IC's)  would  protect  an  IC  from  ex- 
cessive voltages  and  currents  or  from  the 
application  of  voltages  and  currents  in  the 
wrong  sequence  during  insertion  or  re- 
moval. The  socket  would  contain  a  built-in 
switch  (see  figure)  that  would  open  as  the 
IC  is  removed,  thereby  disconnecting  its 
leads  from  signals  and  power,  and  that 
would  close  as  the  IC  is  inserted,  thereby 
connecting  the  leads  electrically.  The 
socket  would  also  protect  other  compo- 
nents on  the  circuit  board  from  transients 
produced  by  insertion  and  removal  of  the 
IC. 

The  socket  would  make  it  unnecessary 
to  turn  off  power  to  the  entire  circuit  board 
so  that  other  circuits  on  the  board  could 
continue  to  function.  The  socket  would  pre- 
vent inadvertent  damage  in  case  one  for- 
gets to  turn  off  the  main  power  before  in- 
serting or  removing  an  IC. 

It  would  also  be  unnecessary  to  place 
protective  resistors  in  series  with  the  IC 
leads  to  limit  transients.  Space  on  circuit 
boards  would  thereby  be  saved,  and  the 
slight  deterioration  of  signal  quality  that 
protective  resistors  introduce  would  be 
avoided. 

The  socket  would  be  designed  so  that 
the  switch  opens  before  the  leads  lose  firm 
electrical  contact  with  the  socket  during 
extraction.  During  insertion,  the  switch 
would  close  only  after  all  leads  make  firm 
contact. 

For  complementary  metal  oxide/semi- 
conductor (CMOS)  IC's,  it  is  essential  that 
no  signals  be  applied  until  the  circuits  have 
power.  Accordingly,  sockets  for  CMOS  IC's 
would  be  designed  so  that  during  insertion 
built-in  switches  turn  on  power  before 
other  switches  admit  signals. 

This  work  was  done  by  Chris  Wilkinson 
and  Greg  Henegar  of  Goddard  Space 
Flight  Center.  No  further  documentation 
is  available.    GSC-13033 
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Switches  Close  as  IC  Is  Firmly  Seated  in  Socket 
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An  Integrated-Circult  Package  would  push  a  plunger  as  it  is  inserted  in  a  socket.  The  plunger 
would  close  the  contacts  on  the  switch,  thereby  applying  power  and  signals  to  the  integrat- 
ed circuit.  Other  sockets,  such  as  those  for  zero-insertion-force  and  pin-grid-array  packages, 
could  be  adapted  to  the  built-in-switch  concept. 
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Repeated  Transmissions 
in  Mobile/Satellite 
Communications 

Repetition  would 
increase  throughput 
and  decrease  delay. 

A  paper  discusses  the  theoretical  per- 
formance of  a  communication  system  for 
land-mobile  stations  with  satellite  relay 
using  the  ALOHA  random-access  protocol 
modified  for  repeated  transmissions.  Al- 
though the  analysis  is  directed  toward  the 
NASA  Mobile  Satellite  Experiment,  its 
methods  and  conclusions  also  contribute 
to  the  general  understanding  of  packet 
communications  in  fading  channels. 

In  the  pure  ALOHA  protocol,  a  land  sta- 
tion transmits  its  message  (which  could  be 
a  packet  of  data)  as  soon  as  the  message 
is  generated.  If  the  station  does  not  receive 
a  positive  acknowledgement  within  a  spec- 
ified timeout  interval,  the  station  waits  a 
random  interval,  then  attempts  transmis- 
sion again.  This  process  is  repeated  until 
transmission  is  successful.  In  a  version 
called  "slotted"  ALOHA  all  stations  are 
synchronized  so  that  all  transmission  at- 
tempts begin  at  the  beginnings  of  time  in- 
tervals (slots)  of  fixed  duration  t.  (The 
messages  in  pure  ALOHA  also  have  fixed 
duration  t,  but  there  is  no  synchronization.) 

The  modified  ALOHA  protocol  is  based 
on  the  likelihood  that  in  a  fading  channel,  it 


will  be  necessary  to  repeat  during  many 
transmission  attempts.  Rather  than  waste 
some  of  the  nearly-inevitable  timeout  and 
random  waiting  periods,  the  modified  pro- 
tocol specifies  that  at  each  transmission 
attempt,  the  message  is  to  be  repeated, 
without  interruption,  a  fixed  number  of 
times.  If  the  modified  protocol  is  to  be  ad- 
vantageous, then  the  reduction  of  mes- 
sage delay  and  increase  in  channel 
throughput,  caused  by  the  elimination  of 
some  of  the  timeout  and  random  waiting, 
must  exceed  the  increase  in  delay  and  loss 
of  throughput  due  to  the  fixed  repetition. 

The  analyses  for  the  modified  pure  and 
slotted  ALOHA  channels  are  nearly  iden- 
tical. A  general  two-state  mathematical 
model  of  the  communication  channel  is 
used  for  the  error  process  of  the  channel  to 
account  for  the  channel  fading  memory. 
The  analysis  includes  the  assumption  of 
error-free  acknowledgements  and  a  fixed 
propagation  delay  between  stations.  Each 
message  can  be  corrupted  by  collisions 
with  other  messages  or  by  channel  errors. 
If  any  of  the  identical  messages  in  a  repeti- 
tion sequence  are  received  without  error,  a 


positive  acknowledgement  is  returned. 
The  time  between  successive  transmis- 
sion attempts  is  assumed  to  be  large 
enough  so  that  the  probability  of  success- 
ful reception  of  each  attempt  is  independ- 
ent and  identical;  that  is,  there  is  negligible 
channel  memory  between  attempts. 

Simulations  were  done  for  a  pure 
ALOHA  channel  having  the  parameters  of 
the  reservation  process  of  the  Mobile 
Satellite  Experiment.  The  numerical  results 
for  a  moderately  noisy  channel  with  a 
packet  error  rate  of  30  percent  show  that  in 
terms  of  both  the  message  delay  and  the 
channel  throughput,  it  is  best  to  transmit 
each  message  twice  in  a  row  at  each  at- 
tempt. 

This  work  was  done  by  Tsun-Yee  Yan 
and  Loren  P.  Clare  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory 
"Performance  Analysis  of  the  ALOHA 
Protocol  With  Replication  in  a  Fading 
Channel  for  the  Mobile  Satellite 
Experiment,"  NPO-16705n~N 
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Shifting  of  Image  Fields  for  Better  Stereoscopic  TV  Images 

Improved  high-resolution,  low-distortion,  stereoscopic  images  can  be  achieved  electronically. 


A  concept  for  shifting  the  horizontal  po- 
sitions of  TV  image  fields  of  a  stereoscopic 
TV  display  would  reduce  stereoscopic 
depth  distortion  while  increasing  stereo- 
scopic depth  resolution  of  the  images.  The 
concept  is  applicable  to  a  form  of  stereo- 
scopic TV  in  which  two  views  of  a  scene 
are  presented  by  two  video  cameras  to  dif- 
ferent fields  of  one  monitor;  for  example, 
the  odd  field  of  the  left  camera  to  the  odd 
lines  of  the  monitor  and  the  even  field  of  the 
right  camera  to  the  even  lines  of  the  moni- 
tor. 

In  this  scheme,  a  liquid-crystal  stereo- 
scopic viewer  opens  and  closes  light  shut- 
ters in  front  of  the  viewer's  eyes.  The  shut- 
ters are  synchronized  so  that  the  left  eye 
sees  the  screen  when  the  odd  lines  of  the 
monitor  are  illuminated,  the  right  eye  sees 
the  lines  when  the  even  lines  are  illumi- 
nated. Thus,  the  left  eye  sees  only  the  im- 
age from  the  left  camera,  the  right  eye 
sees  only  the  image  from  the  right  camera, 
and  the  viewer  perceives  a  composite 
three-dimensional  image. 

When  the  convergence  angle  of  the 
cameras  is  set  to  give  high  depth  resolu- 
tion, the  depth  will  be  distorted.  A  horizontal 
meter  stick,  placed  in  the  frontoparallel 
plane,  which  intersects  the  center  of  curve 
A-C  in  the  figure,  will  appear  to  be  convexly 
curved;  that  is,  the  ends  away  from  the 


viewer.  This  occurs  because  curve  A-C  ap- 
pears flat,  and  the  ends  of  the  meter  stick 
are  behind  curve  A-C  while  the  center  of 
the  meter  stick  is  not.  A  person  attempting 
to  maneuver  the  meter  stick  with  a  remote 
manipulator  arm  would  have  difficulty. 

If  the  cameras  are  moved  closer  to  the 
meter  stick  —  to  curve  D-E,  for  exam- 
ple —  the  depth  resolution  is  increased, 
and  the  depth  distortion  is  reduced.  The 
meter  stick  will  appear  less  curved.  How- 
ever, curve  D-E  is  difficult  to  view  stereo- 
scopically  because  the  left  and  right  images 
do  not  overlap  on  the  television  screen.  For 
instance,  point  E  is  at  the  left  edge  of  the 
view  of  the  right  camera  and  near  the  mid- 
dle of  the  view  of  the  left  camera. 

According  to  the  concept,  the  view  of 
the  left  camera  can  be  shifted  to  the  left, 
that  of  the  right  camera,  to  the  right.  The 
images  can  then  be  made  to  overlap,  so 
that  they  can  be  observed  comfortably. 
The  shifting  can  be  done  by  inexpensive 
electronic  circuitry. 

This  work  was  done  by  Daniel  B.  Diner 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel.  NASA  Resident  Office-JPL 
Refer  to  NPO-1 7249  7TN 


wsm: 


First  Nodal 

Point  of  TV         TV  Camera 

Camera  Lens       Image  Plate 


The  Geometry  of  the  Workspace  viewed  by 
stereoscopic  cameras  is  illustrated  by  the 
intersections  of  lines  of  sight  to  points  on 
the  image  planes.  Both  curves  A-C  and  D-E 
will  appear  flat,  not  curved,  when  viewed 
stereoscopically.  (This  figure  is  based  on  a 
computer-generated  drawing  by  Peter 
German.) 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Synthetic-Aperture  Radar  Processor  for  Large  Drift  Angle 

Digital  processing  corrects  for  large  range  migration. 


A  digital  signal-processing  system 
makes  images  of  terrain  from  synthetic-ap- 
erture-radar returns  to  an  airplane  flying  at 
a  large  drift  angle  (see  figure).  The  output 
of  the  system  includes  high-resolution 
images,  four-look  images,  magnitude/ 
phase-difference  images,  and  "com- 
pressed," all-inclusive  data  sets.  Magni- 
tude/phase-difference images  are  pro- 
duced by  correlating  images  of  the  like 
polarizations  (horizontal  transmitted, 
horizontal  received  and  vertical  transmit- 
ted, vertical  received).  These  images  are 
useful  for  investigating  the  phase  charac- 
teristics of  targets  in  different  polarizations. 

To  reduce  the  amount  of  data  to  be  proc- 
essed in  the  azimuth  direction  (with  con- 
sequent loss  of  resolution  deemed  accept- 
able), a  prefilter  decimates  the  data  by  a 
factor  of  8.  A  band-pass  filter  is  applied  be- 
fore decimation  to  reduce  the  bandwidth 
of  the  data  to  avoid  aliasing  caused  by 
subsampling. 

The  band-pass  filter  is  centered  at  Dop- 
pler  centroid  frequency  so  that  the  maxi- 
mum signal-to-noise  ratio  (SNR),  which  oc- 
curs along  the  boresight  of  the  antenna,  is 
preserved  by  the  prefilter.  The  band-pass 
filter  is  implemented  by  first  steering  the 
data  so  that  the  centroid  is  at  zero.  A  low- 
pass  prefilter  is  then  applied  to  the  data. 
After  prefiltering,  the  data  are  steered  back 
so  that  the  frequency  band  of  the  data  is 
centered  at  the  original  Doppler  centroid 
again:  This  step  is  necessary  to  enable  the 
subsequent  range-migration  corrector  to 
restore  the  trajectories  of  point  targets. 

The  migration  of  a  point  target  through 


Airplane  Facing 
Along  Azimuth 
Direction 


Azimuth 


Altitude 


Target 


Range 


An  Airplane  Flying  at  a  Large  Drift  Angle  complicates  the  geometry  and  the  processing  of 
synthetic-aperture-radar  returns. 


different  range  bins  increases  with  the  drift 
angle.  The  restoration  of  the  trajectory  of  a 
point  target  consists  of  two  steps:  First,  the 
true  range  location  of  every  azimuth  pic- 
ture element  (pixel)  in  a  particular  range  bin 
is  determined.  Next,  the  complex  value  of 
each  azimuth  pixel  is  estimated  by  inter- 
polating the  four  pixels  across  the  true 
range  location  to  achieve  a  smoother  fre- 
quency spectrum.  During  this  process,  it  is 
assumed  that  the  Doppler  centroid  fre- 
quency and  rate  of  change  of  the  Doppler 
frequency  do  not  vary  along  the  azimuth 
direction. 

The  interpolation  is  performed  with  a 


sine  [sin  (x)lx]  weighting  function,  which 
previous  studies  have  shown  to  produce 
the  least  broadening  of  the  main  radiation 
lobe  of  the  antenna.  The  azimuth  pixels 
reconstructed  by  sine  interpolation  appear 
smoother  in  the  frequency  domain  and 
therefore  produce  sharper  images  in  the 
time  and  space  domains. 

77?/s  work  was  done  by  Yun-Jing  Lou, 
Howard  A.  Zebker,  Quyen  Dinh  Nguyen, 
and  Michael  Y.  Jin  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory 


NPO-17238  /TN 
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Measuring  Critical  Charges  for  Single-Event  Upsets 

A  test  circuit  would  make  direct  measurements  possible  for  the  first  time. 


A  concept  for  determining  the  suscepti- 
bility of  integrated  circuits  to  single-event 
upsets  (SEU's)  is  based  on  the  direct 
measurement  of  the  critical  charge  that 
would  cause  an  upset.  Caused  by  cosmic 
rays  and  other  ionizing  radiation,  SEU's  are 
false  changes  of  logic  states  in  memory 
circuits. 

The  critical  charge  of  a  latch  or  memory 
cell  has  never  been  measured  directly.  It 
has  only  been  inferred  in  tests  involving 
bombardment  by  heavy  ions  and  from  er- 
ror-prone numerical  simulations.  A  test  cir- 
cuit embodying  the  concept  would  make  it 
possible  to  evaluate  vulnerability  to  SEU 
during  design  and  development  of  digital 
equipment. 

The  proposed  test  circuit  is  a  modified 
version  of  a  standard  complementary 
metal-oxide/semiconductor  static  cell  (see 
figure).  The  cell  contains  six  transistors, 
connected  to  form  a  latch  that  retains  the 
state  of  the  cell  set  by  input  pulses. 

The  latch  proper  consists  of  two 
p-channel  transistors  M^and  M^and  two 
n-channel  transistors  M^  and  M^.  Two 
n-channel  transistors  Mta  and  Mto,  con- 
trolled by  the  word  line  of  the  cell,  give  the 
bit  lines  access  to  the  latch. 

In  the  test  cell,  the  feedback  connection 
at  node  b  in  the  standard  cell  is  omitted, 
and  transistors  M^  and  Mna  are  turned  off 
by  rewiring  the  cell.  In  this  configuration, 
the  cell  can  be  charged  to  the  critical 
voltage  that  causes  it  to  change  its  output 
logic  state,  and  the  charge  at  node  a  (the 
critical  charge)  can  be  isolated  in  prepara- 
tion for  measurement.  Before  the  meas- 
urement, an  isolation  step  neutralizes  the 
effect  of  the  large  stray  capacitance  of  the 
bit  lines,  the  test-probe  pad,  and  the  instru- 
ment wires.  Otherwise,  the  charge  stored 
in  the  stray  capacitance  at  the  critical 
voltage  would  swamp  the  charge-measur- 
ing equipment  because  it  is  large  in  com- 
parison with  the  cell  charge  that  one  is  try- 
ing to  measure. 

In  operation,  the  cell  is  first  charged  by 
raising  VF  to  the  critical  potential  (thereby 
unavoidably  also  charging  the  stray  capac- 
itance to  the  critical  potential).  Then  the  cell 
is  isolated  by  opening  access  transistor 
M)a  so  that  the  critical  potential  on  node  a 
is  maintained  while  the  charge  on  the  stray 
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A  Conventional  Static  RAM  Cell  Is  Modified  by  eliminating  the  feedback  connection  of  node 
b  and  turning  off  transistors  M    and  Mna. 


capacitance  is  discharged  through  the 
charge-measuring  equipment  (without  tak- 
ing a  measurement)  by  reducing  VFto  zero. 
At  this  point,  transistor  Mta  is  closed,  and 
the  charge  on  node  a  flows  initially  into  the 
stray  capacitance  and  finally  discharges 
completely  through  the  charge-measuring 
equipment,  which  is  activated  this  time  to 
take  a  measurement  to  determine  the  criti- 


cal charge.  The  charge  is  expected  to  be 
quite  small  —  0.1  to  1  picocoulomb  or  be- 
tween 500,000  and  5  million  electrons. 

This  work  was  done  by  Martin  G. 
Buehler  and  Brent  R.  Blaes  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

NPO-17073/TN 
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Microwave  Deflection  Sensor 

Movement  is  measured  via  the  phase  of  the  reflection. 


A  Doppler-radar  instrument  measures 
small  deflections  or  vibrations  of  a  reflect- 
ing surface.  Acting  as  an  interferometric 
micrometer,  the  instrument  includes  a 
combination  of  analog  and  digital  circuits 
that  measures  the  change  in  phase  of  the 
radar  return  due  to  the  movement  of  the  re- 
flecting surface  along  the  signal-propaga- 
tion path.  The  radio-frequency  portion  of 
the  instrument  is  a  homodyne  transceiver 
similar  to  inexpensive  police  speed-detect- 
ing radar  sets. 

In  the  transceiver  (see  figure),  a  Gunn 
oscillator  generates  a  carrier  signal  of  the 
form  A  cos  (wct),  where  A  =  amplitude,  coc 
=  the  carrier  angular  frequency,  and  f  = 
time.  The  oscillator  output  is  fed  to  a  turn- 
stile diplexer,  which  converts  most  of  its 
power  to  a  circularly-polarized  electromag- 
netic wave  that  is  transmitted  along  a  cir- 
cular waveguide  toward  the  target.  To  ena- 
ble the  measurement  of  the  difference  in 
phase  between  the  transmitted  and  reflect- 
ed signals,  a  small  portion  of  the  oscillator 
power  is  fed  to  one  mixer  [the  in-phase  (/) 
detector],  and  another  small  portion  is 
shifted  in  phase  by  90°  and  fed  to  another 
mixer  [the  quadrature  (0)  detector]. 

The  signal  reflected  from  the  target  re- 
enters the  circular  waveguide,  travels 
along  the  waveguide  to  the  turnstile  diplex- 
er, and  is  directed  toward  the  /  and  0 
detectors.  At  the  detectors,  the  return 
signal  has  the  form  B  cos  (coj  +  A  nD/k  + 
a),  where  B  =  amplitude,  D  =  the  dis- 
tance to  the  target,  A  =  the  wavelength  of 
the  carrier  signal,  and  a  is  a  constant  com- 
ponent of  the  phase  shift  caused  by  the  re- 
flection from  the  target  and  propagation  of 
the  signal  within  the  instrument. 

The  return  signal  is  mixed  with  the  os- 
cillator signal  in  the  /  and  0  detectors.  The 
low-frequency  components  of  the  detector 


outputs  are  C  cos  (AnD/k  +  a)  and  C  sin 
(AnD/k  +  a),  respectively,  where  C  =  am- 
plitude. These  outputs  are  amplified,  digi- 
tized, and  sent  to  a  microprocessor,  which 
extracts  the  phase  shift  AnD/k  +  a.  Once 
the  initial  value  of  D  and  a  are  determined 
in  an  initial  calibration,  the  subsequent 
value  of  D  can  be  determined  from  the 
measured  phase  shift.  Even  without  cali- 
bration, the  deflection  (that  is,  the  change 
in  D)  can  be  determined  from  the  change  in 
the  phase  shift. 


The  unambiguously  measurable  range 
of  deflections  can  be  increased  beyond 
plus  or  minus  half  a  wavelength  by  taking 
account  of  the  inflection  points  of  the  proc- 
essed signals  to  maintain  a  history  of  the 
total  number  of  half-wave  transitions.  Fast 
Fourier  transforms  of  the  /  and  0  signals 
can  be  taken  to  obtain  the  frequency  re- 
sponse of  the  target  for  analysis  of  its  vibra- 
tions. A  prototype  of  the  instrument  operat- 
ing at  24  GHz  can  measure  a  maximum 
unambiguous  deflection  of  k  ~  12  mm  with 
a  resolution  of  less  than  0.01  mm. 

This  work  was  done  by  Paul  Snores, 
Herb  Kobayashi,  Phong  Ngo,  and  C.  L 
Lichtenberg  of  Johnson  Space  Center. 
No  further  documentation  is  available. 
MSC-20974  ffN 


Amplifier 


The  Microwave  Deflection  Sensor  includes  a  homodyne  Doppler-radar  transceiver  and  digi- 
tal signal-processing  circuitry  to  measure  the  change  in  phase  shift  as  the  target  deflects. 
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Predicting  Thermal  Performance  Accurately 


By  combining  hourly  simulation 
results  with  short-term  field  data,  SER1 
scientists  have  shown  how  to  obtain  im- 
portant thermal  characteristics  of 
buildings  from  which  annual  energy 
consumption  can  be  accurately 
predicted.  These  thermal  characteristics 
derived  from  measurements  can  reveal 
the  sources  of  discrepancies  between 
design  estimates  and  actual 
performance. 

The  temperatures  in  buildings  re- 
spond to  a  number  of  influences  such  as 
ambient  temperature;  solar  radiation;  in- 
ternal heat  sources;  heating  and  cooling 
by  the  heating,  ventilation,  and  air- 
conditioning  (HVAC)  systems;  infiltra- 
tion and  exfiltration  of  air;  heat  flow  to 
ground;  and  sky  temperature  depres- 
sion. A  detailed  simulation  of  the 
buildings  response  to  these  driving 
forces  is  possible  given  a  description  of 


the  building  and  the  various  influences. 
However,  the  field-measured  response 
often  doesn't  match  the  simulated 
response;  until  recently  it  has  been  dif- 
ficult to  reconcile  the  differences.  A 
seemingly  plausible  explanation  in  one 
period  breaks  down  during  another 
period. 

Now,  an  analytical  technique.  Primary 
and  Secondary  Terms  Analysis  and 
Renormalization  (PSTAR),  allows  a 
systematic  disentangling  of  the  various 
responses.  It  extracts  thermal 
characteristics  from  data  collected  over 
a  few  days  with  a  10-15  channel  data  ac- 
quisition system.  These  characteristics 
have  proved  repeatable. 

In  addition  to  providing  a  technically 
sound  foundation  for  "building  energy 
ratings,"  the  measured  thermal 
characteristics  could  facilitate  predictive 


Annual  energy  consumption  in  buildings  can  be  predicted  more  accurately  by  combining  short- 
term  field  data  with  hourly  simulation. 
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load  control  as  well  as  HVAC  equipment 
diagnostics. 

SERI  scientists  are  working  with 
builders  to  apply  this  procedure  to 
residential  buildings  to  predict  long-term 
energy  performance.  Future  plans  in- 
clude applying  the  method  to  commer- 
cial and  institutional  buildings. 
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Research  Extends  to  Appliance  Efficiency 


When  it  comes  to  making  refrigerators 
and  freezers  more  energy-efficient,  SERI 
scientists  have  a  better  idea.  They  pro- 
pose replacing  today's  polymer  in- 
sulating foams  with  vacuum  panels, 
much  the  way  lunch  box  vacuum  bottles 
are  insulated. 

Manufacturers  faced  with  federal  re- 
quirements to  design  units  that  will  save 
substantial  energy  over  current  models 
also  have  been  cautioned  that  polymer 
insulating  foams  made  with 
chlorofluorocarbons  (CFCs),  the  insula- 
tion currently  used  in  refrigerators  and 
freezers,  may  be  less  available  and  more 
expensive.  CFCs  have  drawn  interna- 
tional attention  because  of  their  apparent 
link  to  depletion  of  the  ozone  layer. 

SERl's  novel  concept  in  compact 
vacuum  insulation,  which  may  provide 
an  attractive  alternative  to  expanded 
polymer  insulation,  depends  on  a  weld- 
ed steel  envelope  to  maintain  a  vacuum 
of  the  sort  used  in  vacuum  bottles,  re- 
values of  150  to  200  per  inch  have  been 
estimated.  The  most  likely  application  in 


appliances  would  be  with  a  very  com- 
pact, single-layer  panel  providing  an  in- 
sulation rating  of  R-15  in  one-tenth  of  an 
inch  thickness.  Applied  to  refrigerators, 
this  concept  would  allow  a  doubling  of 
side-wall  insulating  values  with  negligi- 
ble changes  in  the  production  process. 
Samples  for  testing  will  be  made  during 
1988.  The  process  for  hermetic  sealing 
and  vacuum  maintenance  is  being 
developed. 

SERl's  compact  vacuum  insulation 
approach  has  attracted  considerable  in- 
terest from  potential  industry  partners, 
and  discussions  are  under  way  toward 
establishing  a  collaborative  effort. 
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Tuning  in  on  Wind  Turbine  Performance 


Like  TV  detectives  with  sophisticated 
surveillance  devices,  SERI  wind  energy 
researchers  have  a  new  data  acquisition 
system  that  is  providing  them  with  highly 
accurate  information  on  the  perfor- 
mance of  test  wind  turbines.  The  perfor- 
mance data  will  ultimately  result  in  the 
design  of  more  reliable  and  efficient  wind 
turbines. 

Designed  by  researchers  in  SERI's 
Wind  Research  Branch  with  help  from 
Fairchild  Weston  Systems,  Inc.,  the  pulse 
code  modulated  (PCM)  data  acquisition 
system  (DAS)  uses  a  network  of  sensors 
for  in-the-field  measurement  of  variables 
such  as  wind  speed  and  direction, 
temperature,  humidity,  rotor  rpm,  air 
loads,  strains,  and  voltage. 

These  measurements  are  fed  into  an 
instrument  package  that  can  be 
mounted  at  the  base  of  the  wind  turbine 
tower,  in  the  nacelle,  or  on  the  rotor 
itself. 

In  the  package,  data  signals  for  as 
many  as  62  measurements  are  condi- 
tioned and  filtered  before  they  are  com- 
bined into  a  single  data  stream  and  elec- 
tronically pulsed  through  a  cable  or  UHF 


radio  transmitter  to  a  data  analysis  center 
as  far  as  two  miles  away. 

Such  a  pulsed  code  modulated  signal 
allows  researchers  to  monitor  turbine 
performance  on  a  microcomputer  while 
recording  the  data  on  magnetic  tape  for 
later  analysis. 

PCM- DAS  accuracy  is  better  than  one 
part  in  4000,  a  significant  improvement 
over  the  one  part  in  256  accuracy  of 
older  systems.  The  system's  unique  ar- 
rangement of  filters  and  conditioners  vir- 
tually eliminates  the  signal  "drift"  and  in- 
terference that  plagued  previous  data 
collection  systems.  The  PCM  system  can 
operate  under  any  weather  conditions 
likely  to  be  encountered. 

SERI  plans  to  make  the  PCM-DAS 
available  for  cooperative  projects  with 
the  wind  industry.  Applications  range 
from  detailed  engineering  diagnoses  to 
basic  performance  measurements  that 
would  help  developers  evaluate  the 
health  of  their  wind  farm  investments. 

For  Additional  Information: 

Mr.  Dana  Moran 

Research  &  Technology  Application 

Solar  Energy  Research  Institute 

1617  Cole  Boulevard 

Golden,  CO  80401-3393 

(303)  231-7115 
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Characteristics  of 
Cenospheres 

Porosity,  other  structural 
features,  and  composition 
have  been  examined. 

Physical  and  chemical  studies  have  been 
conducted  to  determine  the  structure  and 
composition  of  cenospheres  —  the  small, 
carbonaceous  spheres  produced  by  liquid- 
phase  cracking  of  the  burning  droplets  of 
heavy  fuel  oil.  The  cenospheres,  which 
burn  more  slowly  than  does  the  original 
fuel,  contribute  to  deposits,  high-tempera- 
ture corrosion,  emissions  of  particles,  and 
reduced  efficiency  of  combustion  in  oil- 
fired  furnaces  and  boilers,  accounting  for 
as  much  as  3  percent  of  the  original  fuel  in 
some  droplets.  These  studies  should  con- 
tribute to  efforts  to  burn  fuel  oil  more  com- 
pletely to  avoid  the  deleterious  effects  of  in- 
complete combustion. 

Examinations  by  optical  and  scanning- 
electron  microscopy  showed  that  a  typical 
cenosphere  is  hollow,  is  spheroidal  with  an 
outer  diameter  of  20  to  200  yn\  (that  is,  1.3 
to  1.4  times  the  inner  diameter),  and  has  at 
least  one  blowhole  that  extends  from  the 


hollow  core  through  the  shell.  The  diame- 
ters of  blowholes  range  from  1 0  to  50  per- 
cent of  the  diameters  of  the  cenospheres. 
The  shells  are  porous  —  the  larger  ones 
appearing  spongelike,  the  smaller  ones  ap- 
pearing smoother  but  containing  many 
pores  a  few  micrometers  in  diameter.  The 
solid  portions  appear  flaky  or  layered,  and 
the  spaces  between  flakes  or  layers  may 
contribute  to  microporosity. 

Measurements  by  mercury-intrusion 
porosimetry  and  adsorption  of  gases 
showed  that  the  large  pores  contribute 
most  to  the  total  pore  volume  while  the 
small  pores  contribute  most  to  the  total 
surface  area.  A  combination  of  mercury-in- 
trusion and  helium-displacement  pycnom- 
etry  yielded  a  density  of  about  2.4  g/cm3 
and  showed  that  only  about  18  percent  of 
the  volume  of  a  typical  cenosphere  is  oc- 
cupied by  solid  material.  These  observa- 
tions are  consistent  with  the  hollow,  porous 


structure  established  microscopically. 

Standard  semiquantitative  elemental 
and  spectrographic  chemical  analyses 
showed  that  the  cenospheres  contain  rel- 
atively high  concentrations  of  sulfur  (3.8 
percent),  iron  (5.5  percent),  sodium  (0.3 
percent),  and  vanadium  (0.1  percent).  Pre 
vious  studies  have  shown  that  these  ele- 
ments may  contribute  to  corrosion  where 
cenospheres  are  deposited  on  heat  ex- 
changers. However,  the  measurements 
also  showed  concentrations  of  magnesi- 
um (3.5  percent)  and  calcium  (0.2  percent), 
both  of  which  are  constituents  of  additives 
that  are  sometimes  mixed  with  fuel  oils  to 
inhibit  corrosion. 

This  work  was  done  by  Richard  M. 
Clayton  and  Uoyd  H.  Back  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory 
"Physical  and  Chemical  Characteristics  of 
Cenospheres  from  the  Combustion  of 
Heavy  Fuel  Oil/'  NPO-17236/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Photovoltaic  Generation  of 
Power  by  Utilities 

Recent  publications 
are  surveyed. 

A  bibliography  of  recent  documents  on 
photovoltaic  generation  of  electric  power 
is  divided  into  two  subject  areas:  (1)  cen- 
tral-station systems  and  (2)  residential  and 
intermediate  systems.  These  classifica- 
tions are  further  divided  into  design  op- 
tions, performance  modeling,  construction 
experience,  operating  experience,  eco- 
nomics and  costs,  and  integration  with  utili- 
ties. Reports,  papers,  and  books  are  in- 
cluded. 


The  emphasis  is  on  central  stations 
and  large  intermediate  systems.  However, 
some  documents  address  the  utility  inter- 
face issues  in  terms  of  residential  systems 
and  their  effects  on  utilities.  In  addition, 
references  to  some  stand-alone  systems 
are  included  because  they  address  design 
issues  and  solutions  to  problems  shared 
with  utilities. 

The  bibliography  lists  79  references.  For 
most,  it  provides  a  brief  description  of  the 
contents. 


This  work  was  done  by  Russell  S. 
Sugimura  of  Caltech  and  Joan  M.  Wood  of 
the  Tennessee  Valley  Authority  for 
NASA's  Jet  Propulsion  Laboratory. 

"Utility  Application  of  Photovoltaic  Power 
Genera  tion:  A  Survey  of  Recent 
Literature," 

NPO-17091/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P  O.  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Computer 
Software 


Comprehensive  Silicon- 
Solar-Cell  Program 

Nonlinear  equations  that 
describe  performance  are 
solved  iteratively. 

The  Comprehensive  Silicon  Solar  Cell 
Computer  Modeling  (SICELL)  program 
simulates  a  silicon  solar  cell.  The  program 
predicts  such  device  parameters  as  effi- 
ciency, voltage-vs.-current  characteristic, 
fill  factor,  and  temperature  coefficients  of 
parameters.  The  technique  used  in  SICELL 
is  similar  to  numerical-integration  meth- 
ods, but  the  commonality  is  described  only 
by  the  use  of  a  mesh-point  field.  Validation 
studies  show  that  the  accuracies  of  simu- 
lations range  from  0.08  percent  to  3.6  per- 
cent for  27  experimental  data  points  over 
the  temperature  range  of  300  K  to  421  K. 
These  results  are  obtained  by  the  use  of  10 
mesh  points  in  the  n-  and  p-type  regions 
and  for  two  iterations. 

In  SICELL,  the  nonlinear  differential 
equations  describing  each  mesh  point  in 
the  solar  cell  are  solved  iteratively.  Default 
parameters  are  provided,  and  any  of  them 
may  be  altered  by  the  user.  A  model  is  de- 


veloped to  describe  the  charge  distribution 
in  the  quasi-neutral  region  that  establishes 
a  built-in  field.  Boltzmann  and  Fletcher 
boundary  relationships  are  corrected  to 
account  for  the  net  charge  distribution  in 
quasi-neutral  regions. 

The  solutions  of  the  solar-cell  transport 
equation  are  represented  by  the  complete 
set  of  constants  of  integration  obtained  in 
the  n  and  p  regions.  Optimum  grid-contact 
separation  is  determined.  A  subtraction 
method  is  used  to  obtain  the  spectral  re- 
sponse. To  define  the  solar-cell  device,  the 
user  specifies  such  parameters  as  the 
temperature,  the  geometry  of  the  cell,  the 
diffusivity  of  the  donor  or  acceptor,  the  sur- 
face concentration  of  the  impurity,  solar 
concentration,  the  surface  charge  on  the 
oxide,  lifetime  phenomena,  energy  levels 
and  concentrations  of  recombination  cen- 
ters, front-  and  back-surface  recombination 
velocities  and  reflectivities,  nondegenerate 


or  degenerate  absorption  coefficients,  and 
mesh-point  field  distribution  in  the  n-  and 
p-type  regions. 

SICELL  runs  interactively  on  a  VAX  com- 
puter under  VMS  and  is  written  in  VAX/VMS 
FORTRAN  77  Central  memory  of  approxi- 
mately 110K  of  8-bit  bytes  is  required.  The 
program  was  developed  in  1986. 

This  program  was  written  by  Michael  F. 
Lamorte  and  William  M.  Yeager  of  Re- 
search Triangle  Institute  for  NASA's  Jet 
Propulsion  Laboratory 

NPO-17126/TN 

FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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0273  Auger  Bit  for  Frozen  Fine-Grained  Soil 

0274  Multifuel  Squad  Stove 

0275  Machinery  Vibration  Diagnostics 

0276  Technical  and  Economic  Evaluation  of  a  Solid-Particle/Air  Direct-Contact 
Heat  Exchanger 

0277  Condensing,  Two-Phase,  Contact  Heat  Exchanger— A  unit  separates 
liquid  from  vapor  as  it  condenses. 

0278  Automated  Water-Purification  System  — A  reverse-osmosis  system 
operates  and  maintains  itself  with  minimal  human  attention,  using  a 
programmable  controller.  (Licensing  Opportunity) 

0279  Handrail  Lighting  Module— A  florescent  lamp  fits  inside  a  transparent 
plastic  handrail. 

0280  High-Performance  Ambient-Temperature  Heat  Pipe — Passages  for 
liquid  and  vapor  are  separated  by  a  porous  wick.  (Licensing 
Opportunity) 

0281  Positioning  Rotors  in  Turbine  Flowmeters — Lengths  of  wakes  are 
roughly  proportional  to  thicknesses  of  vanes. 

0282  Preferred  Secondary  Crystal  Orientation  for  Turbine  Blades — Fatigue 
life  increases  when  secondary  orientation  is  not  left  to  chance. 

0283  Self-Protecting  Heat  Exchanger — A  double  wall  with  a  variable  gap 
would  have  variable  conductance.  (Licensing  Opportunity) 

0284  Support  for  Fragile  Borescopes — A  fixture  guides  and  protects  small- 
diameter  optical-inspection  instruments.  (Licensing  Opportunity) 

0285  Transferring  Heat  in  Conjugating  Binary  Liquids— Less  pumping  would 
be  required. 

Testing  &  Instrumentation 

0286  Enlightened  Sight — Using  Fiberoptics  for  Boiler  Tube  Inspection 

0287  A  150,000  Pound  Per  Square  Inch  Dynamic  Pressure  Calibrator 

0288  Hazard-Free  Pyrotechnic  Simulator — A  testing  circuit  checks  firing 
circuits  without  setting  off  electroexplosive  devices. 

0289  Portable  Airflow  Meter — A  matrix  of  tubes  reduces  turbulence  in  a 
relatively  short  length. 

0290  Thread-Mounted  Thermocouple — A  simple  device  measures  the 
average  temperature  of  the  surrounding  material.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

0308     Dry  Kiln  Schedule  for  Commercial  Woods 


US  Army  Corps  of  Engineers 

Cold  Regions  Research  &  Engineering  Laboratory 

Hanover,  NH  03755  


Auger  Bit  for  Frozen  Fine-Grained  Soil 


Both  commercial  and  military  requirements  exist  for  drilling  in  frozen 
soils.     There  is  a  strong  incentive  to  use  augering  techniques  since  a 
minimum  amount  of  equipment  is  required.     Frozen  soils,  particularly 
rocky  soils,  represent  the  upper  end  of  augering  capability.     Other 
drilling  techniques,  such  as  rotary  and  percussive,  usually  take  over  in 
these  materials. 

Even  though  frozen  soils  have  been  drilled  and  sampled  for  many  years, 
drilling  remains  difficult  because  of  the  special  properties  of  these 
materials.     Frozen  soils  are  very  strong,  but  they  are  often  ductile  and 
they  tend  to  produce  cuttings  that  compact  and  cohere.     The  cutting 
characteristics  often  prevent  the  use  of  equipment  and  techniques 
normally  used  in  materials  having  high  strength. 

Military  engineers  need  to  make  small-diameter  holes  in  frozen  ground 
for  setting  anchors,  grounding  rods  and  well  points,  and  they  need  to 
make  holes  of  larger  diameter  for  emplacing  cratering  charges.     Suc- 
cessful drilling  depends  on  the  availability  of  an  efficient  bit,  since 
military  drills  typically  have  less  torque  and  thrust  than  the  construction 
augers  and  drills  commonly  used  for  drilling  in  frozen  ground. 

A  winged  drag  bit  was  selected  and  modified  for  testing  at  CRREL  in 
two  frozen  fine-grained  soil  types.     Its  features  include:     full  face 
cutting;  unobstructed  flow  paths  for  cuttings;  proper  cutting  angles 
and  bit  shape;  durable  and  sharp  cutters;  and  balanced  bit  design. 

Winged  drag  bits  with  carbide  cutters  were  ordered  in  the  6.5  in.  (165- 
mm)  and  9.5-in.  (241-mm)  sizes.     After  inspection  it  was  apparent  that 
these  bits  would  need  modification.     The  cutter  angles  needed  improve- 
ment, along  with  a  little  streamlining  of  the  cutting  flow  paths.     The 
modifications  varied  from  "quick  fixes,"  involving  hand  grinding  and 
changing  the  carbides,  to  substantial  machining  of  the  bit  body. 

The  bits  were  tested  in  two  frozen  soils,  one  containing  scattered  small 
stones  up  to  2.0  in.  (51    mm)  in  size.    The  bits  were  also  used  to  drill 
in  a  roadway  surface  of  asphalt  pavement. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further, 
contact  Paul  V.  Sellmann,  U.S.  Army  Cold  Regions  Research  and 
Engineering  Laboratory,  Hanover,  NH  03755-1290;  (603)  646-4347.     A 
copy  of  this  report  is  available  from  NTIS,  Springfield,  VA  22161; 
(703)  487-4600. 

NTIS  order  number:     AD-A190343/NAC 

Price  code:     A03 
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U.S.  Army  Natick  RD&E  Center,  Natick,  MA  01760 


Multifuel  Squad  Stove 


White  gas  and  kerosene  are  difficult  to  find  on  a  battlefield.     The  current 
military  stove,  the  Ml  950,  burns  automotive  gasoline.     But,  even  gasoline 
is  a  rare  commodity  on  the  battlefield  as  most  combat  vehicles  burn  diesel. 
With  the  advent  of  the  DOD  initiative  for  a  single  battlefield  fuel,  the 
turbine  fuel  JP8  has  also  been  introduced  and  will  eventually  become  the 
primary  tactical  fuel. 

To  keep  pace  with  changing  fuel  requirements,  the  U.S.  Marine  Corps  and 
Army  Special  Forces  through  the  DOD  Food  Program  sponsored  a  require- 
ment for  the  U.S.  Army  Natick  R,  D  &  E  Center  to  develop  a  multifuel 
version  of  the  Ml 950  stove  that  would  burn  any  available  fuel  including 
all  grades  of  diesel  and  gasoline  as  well  as  the  turbine  fuels  JP4/5/8.     An 
exhaustive  investigation  to  identify  a  commercial  multifuel  camp  stove 
yielded  only  one  stove  that  could  burn  diesel,  but  even  that  one  required 
special  preheat  pastes  that  the  services  considered  logistically  unacceptable. 

The  multifuel  squad  stove  is  the  first  truly  multifuel  stove  of  its  kind.    It 
can  burn  any  available  liquid  fuel,  from  gasoline  to  diesel,  and  unlike 
commercial  "multifuel"  stoves  will  burn  heavy  fuels  without  the  need  for 
special  preheat  pastes.     The  new  stove  features  a  special  atomizing  type 
preheater,  which  provides  the  initial  heat  to  the  vaporizing  type  burner. 
The  stove  has  a  relatively  large  air  pump  that  powers  the  preheater  and 
pressurizes  the  stove.    To  switch  from  diesel  to  gasoline,  an  air  restrictor 
tube  is  slipped  into  the  mixing  chamber  of  the  burner.     The  stove  case  and 
lid  also  function  as  a  pot  and  pan.     The  complete  stove  weighs  2  3/4  pounds. 
The  volume  is  150  cubic  inches.     The  output  is  adjustable  to  8500  BTU/HR. 


FOR  ADDITIONAL  INFORMATION:     Contact  Don  Pickard,  U.S.  Army 
Natick  RD&E  Center,  Natick,  MA  01760;  (508)  651-5179. 
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Machinery  Vibration  Diagnostics 


Through  new  diagnostic 
techniques,  the  Navy  can  save 
from  a  third  to  a  half  of  what  it  is 
spending  on  rotating  machinery 
maintenance.  The  machinery 
diagnostics  described  here  can 
save  thousands  of  dollars  in 
maintenance  costs  for  large 
motors,  compressors,  and 
pumps. 


WHAT  IS  MACHINERY 

VIBRATION 

DIAGNOSTICS? 

In  the  last  decade,  the  sci- 
ence of  machinery  diagnostics 
has  grown  tremendously  in  sev- 
eral areas:  oil  analysis,  infrared 
thermography,  continuous  vi- 
bration monitoring.  Periodic 
vibration  monitoring,  particu- 
larly the  predictive  form  in  which 
frequency  analysis  dominates, 
has  grown  the  most  because 
microprocessor-based  instru- 
ments have  become  small  and 
relatively   inexpensive.      Typi- 


cally, the  instrument  used  to  make  the  measurements  is  a 
cigar-box  sized,  battery-powered  data  collector  that  stores 
a  day's  data  for  downloading  to  a  personal  computer  (PC). 
Periodic  predictive  vibration  diagnostics  consists  of 
measuring  the  vibrations  of  rotating  machinery  periodi- 
cally, analyzing  these  vibrations  into  their  frequency  con- 
stituents, and  tracking  the  growth  trends  of  these  fre- 
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quency  components.  When  a  trend  of  abnor- 
mal growth  of  constituent  frequencies  is  ob- 
served, a  machinery  problem  exists.  The 
pattern  of  frequency  growth  indicates  the 
type  of  problem  and  the  time  remaining  be- 
fore failure.  This  advance  warning  allows  one 
to  plan  and  perform  the  repairs  with  mini- 
mum downtime. 


Large  HVAC  systems  (motors 
from  perhaps  25  hp  to  100) 
Jet  engine  fuel  test  stand  pumps 
Ventilation  fans 
Generators 


HOW  IS  THE  DIAGNOSIS  MADE? 


WHO'S  USING  VIBRATION 
DIAGNOSTICS? 

Ships  are  the  chief  focus  of  vibration- 
based  machinery  diagnostics  in  the  Navy. 
Separate  groups  monitor  submarines,  cruis- 
ers/destroyers, aircraft  carriers,  and  auxilia- 
ries. Every  shipyard  has  a  vibration  diagnosis 
group  that  is  equipped  to  diagnose  machinery 
problems.  Major  utility  companies  have 
comprehensive  programs,  as  do  oil  refineries. 
Chemical  plants  and  the  paper  industry  both 
have  fully  developed  programs.  Permanent 
monitoring  is  mandated  by  standards  in  many 
cases. 


WHAT  ARE  THE  BEST  SHORE 
FACILITIES  APPLICATIONS? 

The  best  applications  are  critical,  large  ro- 
tating machines  in  industrial  environments, 
boiler  plants,  etc.,  such  as 

•  Turbogenerators 

•  Forced  draft  fans 

•  Induced  draft  fans 

•  Boiler  feed  pumps 

•  Coal  handling  machinery 

•  Sewage  lift  pumps 

•  Well  pumps 

•  River  water  pumps 

•  Industrial  waste  pumps 

•  Drydock  pumps 

•  Compressors 


The  first  step  is  to  record  bearing  cap  or 
case  vibrations  with  the  portable  data  collec- 
tor and  analyze  their  constituent  frequencies 
with  the  computer  program.  Typically,  the 
vibration  is  composed  of  frequencies  that  are 
multiples  of  the  shaft  RPM.  If  there  are  gears, 
there  is  a  tooth  mesh  frequency,  and  with 
vanes  there  is  a  vane  passing  frequency.  Ball 
bearings  also  have  many  known  characteristic 
frequencies.  Problems  with  alignment,  bent 
shafts,  unbalance,  rubbing,  looseness,  and 
drive  belts  all  have  known,  documented  pat- 
terns of  frequencies.  Resonant  problems  can 
arise  that  are  not  directly  related  to  RPM; 
electrical  problems  in  the  motors  are  re- 
flected in  multiples  of  the  AC  line  frequency. 
Frequency  becomes  the  key,  with  changes  in 
the  vibration  levels  at  frequencies  or  com- 
binations of  frequencies  enabling  one  to 
predict  and  prevent  failures. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Jerry  Dummer 

CodeL03C 

Facilities  Engineering  Support  Office 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

(805)982-4070 

Refer  to  Techdata  sheet  88-15/TN 


Technology  Application 


Solar  Energy  Research  Institute 


Technical  and  Economic  Evaluation  of  a  Solid- 
Particle/Air  Direct-Contact  Heat  Exchanger 


High-temperature  applications  (above  650°C)  of  solar  thermal  central  receivers 
may  use  solid  particles  or  pressurized  hot  air  as  the  heat  transfer  medium.     A 
direct-contact  heat  exchanger  configuration  appears  attractive  for  these 
applications  because  of  the  absence  of  heat  transfer  surfaces.     In  this  report, 
two  conceptual  designs  of  solid-particle/air  heat  exchanger  systems  are  pre- 
sented:   a  multistage  fluidized-bed  heat  exchanger,  solid-particle  feeders  and 
defeeders,  and  cyclones.    The  first  system  is  based  on  state-of-the-art 
technology;  the  second  system  assumes  reasonable  technical  progress  resulting 
from  future  development.     Both  systems  are  designed  for   1000°C  solid  par- 
ticles heating  air  at  10  atm  at  a  100  MWt  heat  rate.     As  an  alternative  to 
direct  contact,  a  shell-and-tube  heat  exchanger  also  is  evaluated. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 
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Condensing,  Two-Phase,  Contact  Heat  Exchanger 

A  unit  separates  liquid  from  vapor  as  it  condenses. 


A  two-phase  heat  exchanger  continu- 
ously separates  the  liquid  and  vapor  phas- 
es of  the  working  fluid  and  positions  the  liq- 
uid phase  for  efficient  heat  transfer.  The  ex- 
changer consists  of  alternating  channels 
for  liquid  and  vapor  in  a  cylindrical  wall  (see 
figure). 

Saturated  vapor  flows  in  the  vapor  chan- 
nels. As  the  vapor  condenses,  capillaries  in 
a  porous  sintered-metal  layer  on  the  chan- 
nel walls  wick  the  liquid  away.  Holes  in  the 
wall,  behind  the  sintered  layer,  carry  the 
condensed  liquid  into  the  adjacent  liquid 


channel.  The  higher  pressure  in  the  vapor 
channel  aids  in  driving  the  condensate  into 
the  liquid  channel,  which  is  continuously 
drained  by  a  suction  pump. 

Each  liquid  channel  communicates  with 
only  one  vapor  channel  through  its  holes. 
The  liquid  channels  join  a  suction  manifold 
at  one  end.  The  opposite  ends  of  the  liquid 
channels  are  sealed. 

If  only  vapor  enters  the  vapor  channels 
through  the  vapor  manifold,  they  too  could 
be  sealed  at  one  end.  However,  if  the  vapor 
enters  with  a  noncondensing  carrier  gas, 


120* 


the  vapor  channels  would  have  to  be  ex- 
hausted through  a  second  manifold  so  that 
the  carrier  gas  can  be  recycled. 

The  heat  exchanger  is  designed  for  zero 
gravity.  The  principle  can  be  adapted  to 
other  phase-separation  applications;  for 
example,  in  thermodynamic  cycles  for  so- 
lar-energy conversion. 

This  work  was  done  by  R.  L  Cox,  J.  A. 
Oren,  and  L  W.  Sauer  of  LTV  Aerospace 
and  Defense  Co.  for  Johnson  Space  Cen- 
ter. No  further  documentation  is  available. 
MSC-21179/TN 
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The  Cylindrical  Heat  Exchanger  consists  of  three  120°  segments  like  the  one  shown  here  in  cross  section.  Dimensions,  in  inches,  are  for  an 
ammonia-condensing  unit  that  can  transfer  2.3  W/cm2  at  the  inner  surface  of  the  cylinder  at  a  maximum  operating  temperature  of  100°F 
(38  °C). 
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Automated  Water-Purification  System 

A  reverse-osmosis  system  operates  and  maintains  itself  with  minimal  human  attention,  using  a 
programmable  controller. 


An  automatic  water  purifier  uses  re- 
verse osmosis  to  produce  15gal/min 
(0.95  Us)  of  water  that  typically  contains 
less  than  45  parts  per  million  of  dissolved 
solids.  The  raw  water,  which  comes  from 
wells,  contains  500  to  600  ppm  of  dis- 
solved solids. 

Osmosis  is  the  passage  of  a  liquid  from 
a  dilute  to  a  more  concentrated  solution 
through  a  semipermeable  membrane  — 
one  that  allows  passage  of  the  liquid  but 
not  the  dissolved  solids.  Reverse  osmosis 
is  the  forced  reversal  of  this  natural  phe- 


nomenon by  the  application  of  enough 
pressure  to  the  concentrated  solution  to 
overcome  the  osmotic  pressure  of  the  less 
concentrated  solution. 

In  the  purifier,  membranes  surround 
hollow  cores  through  which  the  clean 
product  water  flows  out  of  the  reverse-os- 
mosis unit.  No  chemical  reactions  or 
phase  changes  are  involved.  The  reject 
water,  in  which  the  dissolved  solids  have 
been  concentrated,  emerges  from  the 
outer  membrane  material  on  the  same 
side  on  which  the  raw  water  entered.  The 


flow  controls  maintain  a  ratio  of  50  percent 
product  water  and  50  percent  reject  water 
The  membranes  can  be  expected  to  last 
from  3  to  5  years. 

A  programmable  controller  monitors  32 
input  signals  and  produces  64  output  con- 
trol signals.  In  addition  to  controlling  the 
reverse-osmosis  process,  the  controller 
manages  the  levels  of  water  in  an  asso- 
ciated cooling  tower  and  storage  tanks.  It 
can  readily  be  reprogrammed  to  change  or 
respond  to  changed  process  conditions. 

In  the  pretreatment  stage  of  the  process 
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A  Variety  of  Sensors,  Switches,  and  Gauges  enables  a  programmable  controller  to  monitor  and  regulate  reverse  osmosis  and  its  associated 
processes.  Recycled  water  from  the  cooling  tower,  as  well  as  raw  water  from  the  wells,  is  used  as  the  feedwater. 


:~s 


(see  figure),  raw  water  is  passed  through  a 
sand  filter  to  remove  large  dirt  particles 
and  then  passed  through  a  carbon  filter  to 
remove  chlorine,  which  would  otherwise 
oxidize  the  membrane.  Because  excess 
alkalinity  can  foul  membranes,  acid  is  add- 
ed to  the  raw  water  to  reduce  its  pH  to 
about  6  from  its  original  range  of  8.5  to  1 1.5. 
A  10-micron  prefilter  removes  most  of  the 
remaining  nondissolved  solids. 

In  the  reverse-osmosis  stage,  pressure 
switches,  flow  controls,  conductivity-ratio 
sensors,  flowmeters,  pressure  gauges, 
and  the  main  pump  enable  the  program- 
mable controller  to  monitor  and  regulate 
the  process.  Pressure  switches,  for  exam- 
ple, ensure  that  the  pump  inlet  pressure  is 
above  10  lb/in.2  (69  kPa)  to  prevent  cavita- 


tion and  that  the  pressure  across  the  mem- 
branes is  below  400  lb/in.2  (2.8  MPa)  to 
avoid  rupture  of  the  membranes. 

In  the  post-treatment  stage,  the  product 
water  flows  through  an  ultraviolet  sterilizer, 
then  either  to  storage  tanks  by  way  of  a 
degasifier  or  to  a  cooling  tower.  From  the 
storage  tanks,  it  flows  on  demand  to  con- 
suming units. 

This  work  was  done  by  Harlow  G. 
Ahlstrom,  Peter  S.  Hames,  and  Fredrick  J. 
MenningerofCaltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 
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Handrail  Lighting  Module 

A  fluorescent  lamp  fits  inside  a  transparent  plastic  handrail 


A  lightweight,  space-saving,  combined 
handrail-and-fluorescent-light  unit  can 
serve  decorative  or  safety  functions.  The 
fluorescent  lamp  is  mounted  inside  a  clear 
tubular  plastic  housing  shaped  to  form  a 
handrail.  Depending  on  the  type  of  power 
and  mounting  connector  used  at  the  ends 
of  the  unit,  such  handrails  could  be  de- 
signed for  either  temporary  or  permanent 
installation.  As  part  of  an  emergency 
lighting  system,  such  handrails  could  be 
used  to  illuminate  and  call  attention  to 
escape  ladders,  hatches,  or  exits.  Direc- 
tional arrows  or  other  signs  could  be 
placed  inside  handrails  to  be  illuminated  by 
the  lamps. 

The  handrail  light  (see  figure)  was  origi- 
nally proposed  as  a  dual-function,  weight- 
saving  way  to  provide  temporary  lighting  at 
various  locations  in  the  Space  Station.  A 
plastic  tube  of  1-in.  (2.54-cm)  outer  diame- 
ter encloses  a  T-5-size,  miniature,  pinless, 
13-W  fluorescent  lamp.  The  curved  ends  of 
the  assembly  provide  2%  in.  (67  mm)  of 
clearance  between  the  handrail  and  the 
mounting  surface  to  provide  room  to  grasp 
the  handrail.  The  handrail  is  approximately 
39  in.  (1  m)  long.  A  rotatable  metal  shield 
controls  the  angular  distribution  of  light 
around  the  rail,  confining  the  light  to  one 
side.  Depending  on  the  application,  the 
starter/ballast  necessary  for  110-Vac  oper- 
ation could  be  located  either  in  the  handrail 
or  on  or  behind  the  mounting  surface. 

This  work  was  done  by  John  P.  Matteiof 
Rockwell  International  Corp,  for  Johnson 
Space  Center. 

MSC-21302/TN 


A  Combined  Handrail  and  Fluorescent 
Light  can  save  space  and  weight  while  ser- 
ving either  a  decorative  or  a  safety  function. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division  PO  Box  8757 

BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


NASATech  Brief 


National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


Marshall  Space  Flight  Center,  Alabama 


High-Performance  Ambient-Temperature  Heat  Pipe 

Passages  for  liquid  and  vapor  are  separated  by  a  porous  wick. 


An  experimental  heat  pipe  with  two 
channels  is  designed  for  the  regulation  of 
temperature  in  enclosed  spaces.  When  fully 
developed  and  when  operating  in  zero 
gravity,  the  heat  pipe  is  expected  to  trans- 
port heat  at  a  rate  of  5  kW  along  a  distance 
of  50  ft  (15  m),  with  a  heat  flux  of  10  W/cm2 
at  the  evaporator  end.  (The  performance  in 
normal  gravity  would  be  somewhat  lower 
because  gravitational  effects  are  signifi- 
cant with  respect  to  the  capillary  effects 
upon  which  the  operation  of  the  heat  pipe 
depends.) 

The  pipe  (see  figure)  is  made  of  alumi- 
num, and  the  heat-transfer  material  is  am- 
monia. The  pipe  contains  two  channels: 
one  for  the  vapor  phase  and  one  for  the  liq- 
uid phase  of  the  ammonia.  A  porous  wick 
of  sintered  aluminum  powder  lines  the  va- 
por channel  and  fills  the  slot  between  the 
two  channels. 

This  design  confers  several  advan- 
tages: The  small  pores  in  the  wick  give  rise 
to  high  capillary  pressure,  which  in  turn 
enables  mass  and  heat  to  flow  at  high 
rates.  The  losses  of  pressure  in  the  liquid 
and  vapor  channels  can  be  minimized  by 
appropriate  choices  of  the  dimensions  of 
the  channels  and  wick.  The  heat  pipe  can 
accept  a  large  heat  flux  at  the  evaporator 
end,  partly  because  the  high  thermal  con- 
ductivity of  the  wick  helps  to  suppress 
temperature  gradients,  thereby  preventing 
the  liquid  from  boiling  in  the  wick. 

The  heat  is  added  at  the  evaporator  end, 
causing  the  liquid  that  saturates  the  wick  to 
vaporize.  The  evaporation  creates  a  locally 
high  vapor  pressure.  Because  the  liquid  re- 
maining in  the  wick  has  surface  tension, 
the  vapor  is  prevented  from  entering  the 
wick  and  must  therefore  flow  along  the 
vapor  channel  toward  the  condenser  end. 

At  the  condenser  end,  the  heat  is  re- 
moved from  the  vapor,  causing  it  to  con- 
dense into  the  wick.  Because  the  vapor 
pressure  remains  slightly  higher  than  the 
liquid  pressure,  the  condensate  is  pushed 
through  the  wick  and  fills  up  the  liquid 
channel.  Because  the  liquid  pressure  in  the 


Heat 
Out 


The  Two-Channel/Porous-Wick  Design  of  this  heat  pipe  enables  it  to  transport  heat  at  2  to  3 
times  the  rate  of  comparable  heat  pipes  of  older  designs. 


evaporator  is  less  than  the  liquid  pressure 
in  the  condenser,  the  liquid  flows  in  the  liq- 
uid channel  toward  the  evaporator,  where 
it  wets  the  wick,  completing  the  cycle. 

This  work  was  done  by  Michael  D. 
Keddy,  Nelson  J.  Gernert,  and  James  W. 
Owen  of  Thermacore,  Inc.,  for  Marshall 
Space  Flight  Center. 
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Positioning  Rotors  in  Turbine  Flowmeters 

Lengths  of  wakes  are  roughly  proportional  to  thicknesses  of  vanes. 


A  mathematical  model  simplifies  the 
analysis  of  the  effects  of  flow-straightening 
vanes  in  a  turbine  flowmeter.  The  model 
yields  a  numerical  solution  of  the  differen- 
tial equations  of  flow  for  a  quick  examina- 
tion of  the  effects  of  the  thicknesses  of  the 
vanes  and  the  rate  of  flow  on  the  extent  of 
the  wake  behind  the  vanes.  From  this  ex- 
amination, the  minimum  distance  at  which 
the  flowmeter  rotor  should  be  placed  be- 
hind the  vanes  can  be  determined. 

The  purpose  of  the  flow  straightener  is 
to  make  the  velocity  uniform  across  the 
flowmeter  pipe.  Ideally,  the  rotor  spins  with 
a  rotational  velocity  proportional  to  the  rate 
of  flow  through  the  pipe.  However,  if  the 
rotor  is  positioned  too  closely  to  the  flow 
straightener,  the  wake  of  the  straightener 
vanes  imposes  substantial  nonuniformity 
on  the  flow  that  impinges  on  the  rotor.  In 
that  case,  the  rotational  velocity  of  the  rotor 
is  no  longer  proportional  to  the  rate  of  flow, 
and  the  indications  of  the  flowmeter  are 
inaccurate. 

The  mathematical  model  represents  a 
portion  of  a  hexagonal  array  of  flow- 
straightening  vanes  as  a  two-dimensional 
backward-facing  step  that  is  half  of  a  sym- 
metric pair.  The  height  of  the  step  is  equal 
to  half  the  thickness  of  a  vane  (see  figure). 

The  analysis  is  performed  with  the  help 
of  a  computer  code  that  has  been  modified 
to  calculate  the  flow  past  a  straightener 
vane  and  to  estimate  both  the  length  of  the 
recirculation  region  behind  the  vane  and 
the  deviation  of  the  velocity  field  behind  the 
vane  from  uniformity.  The  code,  which 
uses  a  two-dimensional,  steady-state  for- 
mulation, solves  the  Navier-Stokes  equa- 
tions of  fluid  flow  by  an  iterative  underre- 
laxation  procedure  combined  with  integral 
control-volume  analysis,  hybrid  finite  differ- 
encing, and  a  staggered  grid  system.  An- 
other model,  called  the  k-e  model,  is  ap- 
plied to  solve  for  the  turbulent  Reynolds 
stresses. 

The  analytical  technique  was  first  used 
to  solve  a  long-standing  problem  in  a  liquid- 
hydrogen  flowmeter:  When  the  rotor  was 
moved  from  1.5  in.  (3.8  cm)  to  0.75  in. 
(1.9  cm)  behind  the  straightener,  the  ratio 
of  the  rotational  speed  of  the  flowmeter  to 


the  rate  of  flow  varied  with  the  rate  of  flow. 
From  experience,  the  intensity  of  the  tur- 
bulence was  known  to  have  only  a  weak  ef- 
fect on  the  flow  field.  Therefore,  the  extent 
of  the  wake  was  calculated  as  only  the  two 
remaining  parameters  —  the  thickness  of 
the  vanes  and  the  rate  of  flow  —  were 
varied. 

The  calculation  showed  that  the  rate  of 
flow  was  large  enough  so  that  it  had  only  a 
minor  effect  on  the  extent  of  the  wake.  On 
the  other  hand,  the  thicknesses  of  the 
vanes  had  a  substantial  effect.  The  length 
of  the  wake  was  found  to  be  linearly  related 
to  the  height  of  the  step  and,  therefore,  to 
the  vane  thickness.  This  suggests  that  if 


the  rotor  is  moved  closer  to  the  flow 
straightener  and/or  the  straightener  vanes 
are  made  thicker,  the  flow  at  the  rotor  be- 
comes nonuniform,  and  the  performance 
of  the  flowmeter  is  impaired.  Thus,  to  main- 
tain adequate  performance  when  placing 
the  rotor  closer  to  the  straightener,  it  is 
necessary  to  decrease  the  thickness  of  the 
vanes. 

This  work  was  done  by  Edward  D 
Lynch,  Daniel  C.  Chan,  and  Munir  M.  Sindir 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Right  Center 
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The  Wake  Behind  a  Flow-Straightening  Vane  in  a  hexagonal  array  of  such  vanes  is  modeled 
as  the  two-dimensional  flow  Dast  a  backward-facinq  step. 
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Preferred  Secondary 
Crystal  Orientation 
for  Turbine  Blades 

Fatigue  life  increases 
when  secondary  orientation 
is  not  left  to  chance. 


The  directional  solidification  of  single- 
crystal  turbine  blades,  so  that  the  second- 
ary, as  well  as  the  primary,  crystallographic 
orientation  occurs  on  a  preferred  axis, 
greatly  increases  the  resistance  to  fatigue. 
A  <001>  primary,  <010>  secondary  orien- 
tation yields  as  much  as  a  tenfold  improve- 
ment in  fatigue  life  over  the  usual  <001> 
primary,  random  secondary  orientation. 

The  <010>  crystallographic  direction, 
±10°,  is  oriented  perpendicular  to  the 
face  of  the  component  where  a  failure  or 
stress  is  expected  (see  figure).  Preferred- 
orientation  single-crystal  parts  can  be 
made  by  seeding  at  minimal  additional 
cost.  The  technique  not  only  lengthens  the 
lives  of  parts  but  also  reduces  the  variation 
in  longevity  among  parts. 

This  work  was  done  by  Leslie  G. 
Fritzemeier  and  Jon  D.  Frandsen  of  Rock- 
well International  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 
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Space  Flight  Center  Refer  to 
MFS-29253/TN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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A  Turbopump  Blade  is  made  with  attention 
to  both  the  primary  <001>  and  secondary 
<010>  crystallographic  orientations.  Previ- 
ously, the  <010>  axis  was  allowed  to  be 
oriented  randomly. 
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Self-Protecting 
Heat  Exchanger 

A  double  wall  with  a 
variable  gap  would  have 
variable  conductance. 

A  proposed  double-wall  heat-exchanger 
tube  would  protect  itself  from  overloads 
by  changing  its  thermal  resistance  auto- 
matically. When  the  temperature  at  any  lo- 
cation on  the  tube  increases  above  a 
prescribed  limit,  the  thermal  resistance 
through  the  walls  of  the  tube  would  in- 
crease at  that  location.  It  would  thus  pre- 
vent the  local  excess  heat  load  from  over- 
heating the  tube  or  boosting  the  internal 
pressure  and  thereby  weakening  the  tube, 
shortening  its  life  expectancy,  or  destroy- 
ing it.  When  the  heat  load  falls  to  a  normal 
level,  the  tube  would  automatically  lower 
its  thermal  resistance  and  resume  heat  ex- 
change at  its  rated  capacity. 

The  double-wall  tube  would  consist  of  an 
outer  tube  fitted  around  an  inner  tube  in 


Outer 
Tube 


Contact  Zone 

(Variable  Thermal 

Resistance) 

A  Heat-Conductive  Outer  Tube  would  sur- 
round a  heat-conductive  inner  tube.  Expan- 
sion of  the  outer  tube  under  an  excessive 
external  temperature  would  increase  the 
thermal  resistance  of  the  tube-to-tube  con- 
tact and  thereby  diminish  the  flow  of  heat 
to  the  inner  tube. 


such  a  way  that  the  local  thermal  conduc- 
tivity across  the  gap  between  the  tubes 
would  vary  with  the  local  contact  pressure 
(see  figure).  Fluid  flowing  through  the  inner 
tube  would  carry  off  the  heat  absorbed 
through  the  outer  tube  from  the  hot  gas  or 
other  medium  surrounding  it.  Ordinarily, 
the  outer  tube  would  fit  tightly  around  the 
inner  tube,  and  the  close  contact  would  en- 
able the  rapid  and  efficient  flow  of  heat 
from  the  outside  medium  to  the  fluid  in  the 
inner  tube.  When  the  temperature  of  the 
outside  medium  rises  above  a  preset  level, 
the  jacket  would  expand,  creating  or  in- 
creasing the  gap  between  the  inner  and 
outer  tubes  at  that  point.  The  local  thermal 
resistivity  would  therefore  rise  at  the  point, 
and  heat  flow  from  the  outside  would  de- 
crease, preventing  thermal  overload  of  the 
inner  tube  and  the  fluid  within  it.  When  the 
outside  temperature  falls  to  a  safe  value, 
contact  between  the  jacket  and  core 
would  be  restored. 

The  double-wall  tube  was  conceived  for 
the  tank-pressurization  heat  exchanger  of 
the  Space  Shuttle  main  engine,  where  it 
would  have  to  operate  at  a  pressure  of 
3,500  psi  (24  MPa)  and  a  temperature  of 
778  K  (505  °C).  The  double-wall  design 
would  increase  the  safety  of  present 
single-wall  tubes,  which  must  be  thin  for 
high  heat  flux,  long  life,  and  low  thermal 
stress.  The  most  likely  terrestrial  applica- 
tions are  heat  exchangers  in  airplanes. 


This  work  was  done  by  William  R. 
Wagner  of  Rockwell  International  Corp.  for 
Marshall  Space  Right  Canter  No  fur- 
ther documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
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Support  for  Fragile  Borescopes 

A  fixture  guides  and  protects  small-diameter  optical-inspection  instruments. 


A  fixture  supports  thin  borescopes  during 
inspections  through  0.0405-in.  (1.03-mm) 
orifices.  The  borescopes,  which  have  a  di- 
ameter of  only  0.037  in.  (0.94  mm),  are  ex- 
tremely fragile  and  often  fracture  during  in- 
spections, contaminating  the  inspected 
cavities  with  debris.  Fractures  can  also 
cause  production  delays  because  the 
borescopes  cannot  be  repaired  and  have 
to  be  replaced  with  new  handmade  units. 

The  fixture  reduces  the  risk  of  breakage, 
enabling  the  use  of  the  borescopes  in  in- 
spections in  the  field  as  well  as  under 
laboratory  conditions.  It  supports  both  rigid 
and  flexible  borescopes,  protecting  them 
from  damage  caused  by  crimping  as  they 
are  fed  through  orifices.  With  modifications 
of  its  dimensions,  the  fixture  concept  could 
be  adapted  to  other  borescopes  of  various 
sizes  and  degrees  of  flexibility. 

The  fixture  consists  of  a  body,  a  support 
sleeve,  and  a  guide  insert,  all  with  axial 
holes  to  accommodate  the  borescope  (see 
figure).  A  protective  cap  covers  the  guide 
insert  and  protruding  tip  of  the  borescope 
(if  present)  when  the  fixture  is  not  in  use. 

The  fixture  is  inserted  in  a  hole  slightly 
larger  than  itself,  immediately  outside  the 
inspection  orifice,  so  that  the  support 
sleeve  rests  on  a  surface  of  the  part  to  be 
inspected,  stabilizing  the  assembly.  The 
borescope  is  fed  through  the  fixture  and  in- 
to the  orifice,  then  rotated  for  a  complete 


Removable  Support 

Guide      Protective  Cap  Sleeve 

Insert 


Body 


Borescope 


V////////////////A 


ASSEMBLED  FIXTURE 
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MAGNIFIED  GUIDE  INSERT  WITH  BORESCOPE  IN  PLACE 


The  Nylon  Guide  Tip  and  Acrylic  Support  Sleeve  and  Body  protect  and  guide  a  fragile  bore- 
scope. The  support  sleeve  is  press-fitted  on  the  body  and  can  be  removed  when  there  is  little 
clearance  around  the  orifice  to  be  inspected.  Otherwise,  it  helps  to  stabilize  the  fixture. 


inspection.  The  guide  insert  prevents  the 
borescope  tip  from  striking  the  edge  of  the 
orifice  as  it  enters,  keeping  it  squarely  in 
the  center  of  the  orifice.  It  is  therefore 
unlikely  to  damage  itself  or  the  part.  The  fix- 
ture has  rounded  contours  so  that  it  does 
no  damage  when  it  is  inserted  in  the  large 
hole  immediately  outside  the  inspection 
orifice. 

The  fixture  dampens  vibrations  of  bore- 
scopes. It  thus  helps  to  prevent  the 
damage  caused  by  vibrations  and  elimi- 
nates the  constantly  moving  view  that  af- 


flicts unsupported  small-diameter  bore- 
scopes. 

This  work  was  done  by  William  S.  Brown 
and  David  E.  Janke  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center. 
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Transferring  Heat  in  Conjugating  Binary  Liquids 

Less  pumping  would  be  required. 


Conjugating  binary  liquids  have  been 
proposed  for  use  as  phase-change  heat- 
transfer  fluids.  Because  such  a  fluid  would 
transport  thermal  energy  largely  in  the 
form  of  the  latent  heat  of  the  change  of 
phase,  the  fluid  would  exhibit  a  specific 
heat  much  higher  than  that  of  a  single- 
component  fluid  or  a  fluid  without  a  phase 
change.  Consequently,  less  of  the  binary 
fluid  would  have  to  be  pumped  to  transfer  a 
given  amount  of  heat.  This  could  be  an  im- 
portant engineering  consideration  where 
the  weight  or  power  of  the  pump  has  to  be 
minimized.  Also,  because  all  phases  re- 
main liquid  throughout  the  heat-transfer 
cycle,  there  is  no  need  to  cope  with  the  dif- 
ficulties posed  by  gas/liquid  and  solid/liquid 
phase  separations. 

In  a  conjugating  binary  system,  two  liq- 
uids mix  with  or  separate  from  each  other 
to  a  degree  that  depends  on  the  tempera- 
ture. While  many  types  of  behavior  are 
possible,  depending  on  which  liquids  are 
chosen,  a  particularly  useful  combination 
would  have  a  phase  diagram  like  that 
shown  in  the  lower  right  portion  of  the 
figure.  In  this  combination,  the  liquids  re- 
main completely  mixed  above  the  critical 
solution  temperature,  Tc.  As  the  tempera- 
ture decreases  below  Tc,  the  liquids  sepa- 
rate increasingly,  giving  off  latent  heat  of 
mixing.  Thus,  to  realize  the  maximum  ben- 
efit from  the  binary  system,  the  source  of 
heat  in  the  heat-transfer  loop  should  be 
hotter  than  Tc,  while  the  sink  should  be 
colder  than  Tc. 

One  of  the  more  promising  of  the  pairs 
of  liquids  tested  thus  far  is  38  weight  per- 
cent triethylamine  with  62  weight  percent 
water.  This  pair  exhibits  the  desired  mix- 
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These  Phase  Diagrams  illustrate  the  more  common  types  of  mixing  and  separation  of  conju- 
gating binary  liquids  A  and  B. 


ing/separating  characteristics,  with  a  Tc  of 
18°C  and  a  latent  heat  of  mixing  of  60 
joules  per  gram  of  solution.  Using  the 
measured  specific  heat  of  the  pair  as  a 
function  of  temperature,  the  calculated 
heat-transfer  capacity  of  a  system  operat- 
ing between  a  heat  source  at  70  °F  (21  °C) 
and  a  heat  sink  at  48  °F  (9  °C)  would  be 
45  Btu/lb  (105  J/g).  In  contrast,  a  typical 


chlorofluoromethane  heat-transfer  fluid 
flowing  between  the  same  temperature 
limits  could  transport  only  about  4:4  Btu/lb 
(10  J/g). 

777/s  work  was  done  by  P.  G.  Grodzka 
and  J.  W.  Owen  of  Lockheed  Missiles  & 
Space  Co.  for  Marshall  Space  Flight 
Center 
MFS-28249/TN 
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Enlightened  Sight-Using  Fiberoptics  For  Boiler  Tube 
Inspection 


The  recent  development  of 
flexible  fiberscopes  has 
introduced  a  versatile  new 
maintenance  tool  to  the  boiler 
plant  environment.  A  fiberscope 
is  a  miniature  television  camera 
fitted  to  a  flexible  fiberoptic 
cable.  Flexible  fiberscopes  allow 
rapid  internal  inspection  of  boiler 
tubes  up  to  one  hundred  feet  long. 

The  use  of  a  fiberscope  to 
visually  document  internal  tube 
condition,  combined  with  an 
ultrasound  examination  to 
measure  tube  metal  thickness, 
minimizes  the  need  to  cut  out 
tube  sections  to  determine  boiler 
tube  condition.  The  fiber- 
scope/ultrasound  combination  is 
a  nondestructive  technique  that 
provides  a  more  comprehensive 


assessment  of  the  overall  tube 
condition  than  physically 
removing  a  short  tube  section- 
the  traditional  inspection  meth- 
od. The  main  limitation  of  the 
fiberscope  is  the  difficulty 
encountered  in  moving  through 
tube  bends  greater  than  60 
degrees. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130807/TN 
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A  150,000  Pound  Per  Square  Inch  Dynamic  Pressure 
Calibrator 


Although  ballistic  pressure  transducers  (gages)  are  used  to  measure  dynamic 
events  which  occur  in  milliseconds,  the  determination  of  their  response 
characteristics  is  routinely  limited  to  static  calibration  against  a  dead- 
weight pressure  standard.     The  strength  of  this  method  is  that  the  dead- 
weight device  is  a  primary  standard.     Its  weakness  lies  in  the  assumption 
that  the  static  and  dynamic  responses  of  the  gage  in  question  are  equiva- 
lent.    Differences  in  gage  response  to  static  and  dynamic  events,  however, 
can  lead  to  serious  measurement  errors.     There  has  been  general  agree- 
ment in  the  measurement  community  that  dynamic  techniques  are  needed 
to  supplement  current  static  calibration  methods.     Several  techniques  have 
been  developed  to  address  this  problem:     Ballistic  pulse  method,  Shock 
tube  method,  Negative-going  pressure  step  method,  and  Positive-going 
pressure  step  method. 

STATIC 

REFERENCE 
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Figure  1.   Design  Concept  for  the  Positive  Step  Prepare  Calibrator 
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Building  on  these  ideas,  we  have  developed  a  device  capable  of  generating 
precisely  known  positive  pressure  steps  up  to  150,000  pounds  per  square 
inch  in  less  than  one  millisecond.    The  step  calibrator  may  be  safely 
operated  in  a  laboratory  environment  and  can  compare  the  response  of 
several  transducers  to  a  common  pressure  step.     Additionally,  it  is 
economical  to  use  as  a  routine  laboratory  tool  for  gage  calibration  and 
screening. 

The  positive-going  step  calibration  device  described  allows  the  accurate, 
safe  and  simple  dynamic  calibration  and  evaluation  of  ballistic  pressure 
gages.     The  gage  response  obtained  can  be  related  to  its  static  deadweight 
behavior.    Several  gages  may  be  evaluated  simultaneously  relative  to  a 
common  dynamic  event.     The  calibrator  may  also  be  used  as  a  diagnostic 
tool  in  analyzing  and  developing  experimental  pressure  gages. 

FOR  ADDITIONAL  INFORMATION:    To  discuss  this  effort  further,  contact: 
Arpad  Juhasz,  SLCBR-IB-B,  US  Army  Ballistic  Rsch  Lab,  Aberdeen  Proving 
Ground,  MD  21005-5066;  (301)  278-6158.    A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A190695/NAC 

Price  code:     A03 
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Hazard-Free  Pyrotechnic  Simulator 

A  testing  circuit  checks  firing  circuits  without  setting  off  electroexplosive  devices. 


A  simulator  evaluates  the  performance 
of  firing  circuits  for  electroexplosive  de- 
vices (EED's)  safely  and  inexpensively.  It 
tests  the  circuits  realistically  when  the 
pyrotechnic  squibs  are  not  connected  to 
them'  and  thus  eliminates  the  risks  of  ex- 
plosions. 

Previous  methods  of  testing  firing  cir- 
cuits sometimes  caused  latent  damage 
that  later  prevented  EED's  from  being 
fired.  For  example,  flashbulbs  or  fast-blow 
fuses  were  substituted  for  the  EED's  dur- 
ing testing.  However,  the  resistances  of 
such  devices  varied  widely,  and  they  there- 
fore did  not  present  a  uniform  load  repre- 
sentative of  a  real  EED  to  the  firing  circuit. 
Moreover,  they  often  damaged  the  protec- 
tive resistors,  which  were  intended  to  re- 
duce power  when  the  EED's  failed  as  short 
circuits.  Damaged  resistors  left  the  firing 
circuits  open  and  incapable  of  activating 
the  EED's.  Sometimes  real  EED's  were 
used  and  replaced  after  testing,  but  they 
were  costly  and  showered  the  test  area 
with  hot  pyrotechnic  debris. 

The  new  instrument  avoids  the  prob- 
lems by  presenting  a  controlled,  simulated 
load  to  the  firing  circuit.  Developed  to  test 
the  firing  circuits  of  pyrotechnic  separation 
devices  on  spacecraft,  the  simulator  can 
also  be  used  to  test  safely  such  devices  as 
batteries  where  the  test  conditions  might 
otherwise  degrade  them. 

The  simulator  (see  figure)  applies  a 
nominal  pulsed  load  of  1  Q,  representing 
the  EED,  to  the  circuit  under  test.  It  meas- 
ures the  firing  current  that  the  EED  firing 
circuit  supplies  to  the  load,  displays  the 
value  on  a  digital  panel  meter,  and  gives  a 
visual  go/no-go  indication  of  the  condition 
of  the  firing  circuit.  The  load  pulse  lasts  only 
150  ms  —  too  short  a  time  to  harm  the  fir- 
ing circuit,  its  protective  resistor,  or  the 
EED  battery. 
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This  Compact  Instrument  Displays  the  Measured  Value  of  firing  current  as  well  as  an  indica- 
tion of  the  condition  of  the  firing  circuit:  "Pass"  indicates  a  firing  current  greater  than  5.5  A. 
"Caution"  indicates  a  firing  current  of  2.75  to  5.5  A.  "Low  Battery"  indicates  a  current  be- 
tween 0.5  and  2.75  A.  At  firing  currents  below  0.5  A,  the  simulator  does  not  respond. 


The  simulator  is  easy  to  use.  The  opera- 
tor connects  it  to  the  prime  and  backup  fir- 
ing circuits  and  switches  the  simulator 
power  on.  The  operator  closes  the  ground- 
safety  barometric  switch  on  the  firing  cir- 
cuits, and  the  prime  and  backup  timers 
start  to  run.  The  simulator  applies  the  prop- 
er load  to  the  firing  circuit  and  indicates  the 


test  results.  There  is  no  need  to  interrupt 
tests  of  other  systems. 

This  work  was  done  by  William  B 
McAlister,  Jr.,  of  Qoddard  Space  Right 
C«nttr. 

GSC-13111/TN 
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Portable  Airflow  Meter 

A  matrix  of  tubes  reduces  turbulence  in  a  relatively  short  length. 


A  compact  hand-held  instrument  (see 
figure)  measures  airflow.  The  instrument 
consists  of  a  hot-wire  anemometer  probe 


Flow-Straightening 
Tubes 


in  a  flow-straightening  tube  that  reduces 
swirling.  It  weighs  less  than  8  lb  (3.6  kg) 
and  can  be  readily  stored  on  the  Space 


Flow 


Because  Small  Internal  Tubes  Stabilize  the  Airflow,  the  flowmeter  can  be  made  shorter  than 
it  would  ordinarily  have  to  be.  The  tubes  offer  minimal  resistance  to  the  airflow:  the  pressure 
drop  at  a  flow  of  30  ft3/min  (0.014  m3/s)  is  only  0.1  in.  of  water  (about  22  Pa). 


Shuttle,  for  which  it  was  developed  to 
measure  airflow  in  the  waste-collection 
system  during  flight.  The  instrument  could 
also  be  used  on  Earth  to  measure  airflow  in 
ventilation  systems,  vacuum  cleaners,  and 
the  like. 

The  configuration  of  the  flow  straighten- 
er  was  developed  empirically  to  reduce  the 
length  of  the  instrument  to  a  practical  di- 
mension for  use  and  storage  in  a  confined 
space.  Standards  for  conventional  flow 
straighteners  recommend  a  minimum 
length  upstream  of  the  probe  of  10  times 
the  tube  diameter  and  a  minimum  down- 
stream length  of  6  diameters.  However, 
adherence  to  these  criteria  would  have  re- 
quired a  straightener  64  in.  (1.6  m)  long. 
The  two  versions  of  the  new  straightener 
are  only  17  and  18  in.  (43.2  and  45.7  cm, 
respectively)  long. 

The  inlet  of  the  new  straightener  con- 
tains a  matrix  of  internal  tubes  to  reduce 
swirl  and  turbulence.  The  internal  tubes 
are  4  in.  (10.2  cm)  long  and  Vz  in.  (1.3  cm) 
in  diameter.  The  screen  is  made  of  wire 
0.032  in.  (0.81  mm)  in  diameter  woven  in  a 
14  by  14  mesh  per  square  in.  (5.5  by  5.5 
mesh  per  square  cm).  The  probe  is  posi- 
tioned about  one-third  of  the  channel  dia- 
meter away  from  the  wall. 

Despite  its  relative  shortness,  the  new 
straightener  stabilizes  flow  over  the  probe. 
Without  it,  meter  readings  vary  by  ±  4  ft3/ 
min  (2  x  10  ~ 3  m3/s);  with  it,  the  variation  is 
only  ±0.4ft3/min(2x10-4m3/s). 

The  instrument  is  used  with  a  commer- 
cial digital  readout  device.  It  gives  readings 
of  the  air  temperature  in  degrees  Fahren- 
heit and  airspeed  in  ft/min  on  a  four-digit 
light-emitting  diode  display. 

This  work  was  done  by  Frank  A.  Burgett 
of  Johnson  Space  Center  and  Donald  R. 
Hardwick  and  Johnny  L  Porter  of  Northrop 
Services,  Inc.     MSC-21200/TN 
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Thread-Mounted  Thermocouple 

A  simple  device  measures  the  average  temperature  of  the  surrounding  material. 


A  thread-mounted  thermocouple  has 
been  developed  to  accurately  measure  the 
temperature  of  the  surrounding  material. 
The  thermocouple  (see  figure)  comprises  a 
threaded  rod  or  bolt  drilled  along  its  length, 


a  dual-hole  ceramic  insulator  rod,  a  ther- 
mocouple wire,  optional  ceramic  filler,  and 
epoxy  resin.  The  device  is  totally  in  contact 
with,  and  takes  an  average  temperature  of, 
the  surrounding  material. 


^/jH^B^-^j? 

fg                        AH 

I  Thermocouple  1 
Leads 

f  **                 40as 

H  Ceramic  Tube  i 

I  Epoxy  1 

Thermocouple  Leads  are  fed  from  the  tip  of  the  device  out  through  the  dual-hole  ceramic  in- 
sulator. 
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Three  different  versions  of  the  thermo- 
couple have  been  installed  for  use  with  two 
different  wind-tunnel  models  at  Langley 
Research  Center's  8-Foot  High  Tempera- 
ture Tunnel  (8  ft  HTT).  The  ceramic  filler 
used  makes  the  thermocouple  suitable  for 
dynamic  use:  the  8  ft  HTT  reaches  air 
speeds  of  mach  7.  The  thermocouple  can 
replace  an  ordinary  heat-flux  gauge  and 
can  screw  into  any  similarly  sized  threaded 
hole.  The  thread/jam  nut  design  enables  a 
solid,  precise  adjustment. 

The  thermocouple  can  be  fabricated 
easily  in  the  size  and  metal  to  suit  the  parti- 
cular application.  Because  of  its  simplicity 
and  ability  to  measure  the  average  temper- 
ature, widespread  use  of  this  design  is 
foreseen  in  a  variety  of  applications. 

This  work  was  done  by  Stanley  W.  Ward 
of  Langley  Research  Center  No  further 
documentation  is  available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center 
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FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 

BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


290 


Environmental  Science  & 
Technology 


0291     Improving  Indoor  Air  Quality 

Other  Items  of  Interest 

0305    Cheaper  Wood  Adhesives  from  Wood  Wastes 


Technology  Application 


Solar  Energy  Research  Institute 


Improving  Indoor  Air  Quality 


SERI  scientists  are  developing  ways  to 
improve  the  efficiency  with  which  ven- 
tilation air  is  used  to  remove  indoor  air 
pollutants  such  as  combustion 
byproducts  from  unvented  heaters  and 
gas  stoves,  tobacco  smoke,  radon,  for- 
maldehyde released  by  some  building 
materials,  and  carbon  dioxide  from 
respiration. 

Indoor  air  quality  is  important  to  our 
health,  comfort,  and  pocketbooks.  More 
than  50  percent  of  the  energy  used  in 
our  nation's  buildings  conditions  and 
moves  ventilated  air,  at  a  cost  of  more 
than  $80  billion  a  year. 

Conventional  ventilation  systems 
remove  pollutants  either  by  localized 
control,  including  the  use  of  fume  hoods 
and  air  purifiers,  or  by  dilution,  in  which 
air  vents  and  return  ducts  mix  the  air  and 
thereby  dilute  pollutants. 

Current  SERI  experiments  are  look- 
ing at  two  common  problems  of  dilution 
systems:  flow  recirculation,  in  which 
pockets  of  air  remain  unmixed  within  a 
room;  and  flow  shortcircuiting,  in  which 
part  of  the  air  supply  bypasses  a  room 
because  of  poor  system  design. 

To  study  these  problems,  SERI  re- 
searchers have  developed  a  unique, 
small-scale,  glass-walled  test  cell  that  ac- 
curately models  airflow  in  full-scale 
buildings.  Flow  inlet  and  outlet, 
temperature,  and  pollutant  source  and 
concentration  all  can  be  controlled 

The  researchers  have  learned  that  the 
dilution  approach  doesn't  work  for  all 
pollutants.  For  example,  tobacco 
smoke  — a  buoyant  pollutant  — often 
recirculates  in  a  room  because  of  the 
mixing  produced  by  the  ventilation 
system.  Strategic  design  and  placement 


Connective  flow  next  to  a  wall  or  other  solid 
surface  can  affect  the  distribution  of  pollutants 
such  as  radon  and  formaldehyde. 

of  heating,  refrigerating,  and  air- 
conditioning  ducts  and  vents  can  im- 
prove the  situation. 

Researchers  have  experimented  with 
the  location  of  the  pollutant  source  and 
the  return  duct.  A  low  return  duct  re- 
moved about  30  percent  of  the  smoke 
produced  by  a  low  source  (correspond- 
ing to  a  smoker  in  a  sitting  position). 
However,  this  duct  removed  only  13  per- 
cent of  the  smoke  from  a  high  source  (a 
standing  smoker).  In  contrast,  a  high 
return  removed  40  percent  of  the  smoke, 
regardless  of  the  source's  location. 

For  Additional  Information: 
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0294  Optimized  Mandrel  Fabrication 

0295  Holding  Irregularly  Shaped  Parts  for  Machining— A  temporary  covering 
can  be  clamped.  (Licensing  Opportunity) 

0296  Machining  Thin-Walled  Cylindrical  Parts — The  thermal  expansion  and 
contraction  of  a  beryllium  copper  mandrel  is  exploited. 

0297  Making  Intricate,  Thin  Gaskets — Elastomeric  gaskets  are  fabricated 
precisely  in  a  simple  aluminum  fixture. 

Testing  &  Instrumentation 

0298  Programmable  Grit-Blasting  System — A  servocontroller  would  establish 
the  trajectory  and  orientation  of  the  head. 

0299  New  Blade  Inspection  System 

0300  Detecting  Wear  in  Ball  Bearings  During  Operation — Strain-gauge 
signals  at  harmonics  of  ball-bearing-cage  frequencies  signify  wear. 

0301  Monitoring  Welding-Gas  Quality — A  control  system  prevents  weld 
defects. 
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Training  in  the  use  of  both  procedures  is  available.    Many  manufacturers  are 
now  using  design  for  assembly  procedures,  and  thousands  of  engineers  have 
been  trained.    These  procedures  should  prove  to  be  of  considerable  benefit  in 
the  design  of  weapons  systems. 

FOR  ADDITIONAL  INFORMATION:  For  more  information,  contact  Mr.  Walter 
M.  Roll,  Industrial  Engineering  Activity,  Rock  Island,  IL  61299-7260;  (309)  782- 
5617. 
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New  Testbed'  will  Aid  CAD/CAM,  Logistics 


To  speed  the  development  and  use  of  computer-integrated  design,  manu- 
facturing, and  logistic  processes,  NIST  will  develop  a  facility  for  testing 
implementations  of  the  Product  Data  Exchange  Specification  (PDES). 
PDES  is  an  ambitious  project  to  develop  a  standardized  format  for  repre- 
senting and  exchanging  information  about  almost  any  manufactured 
product.     The  specification  will  include  geometric  design  information  and 
all  the  information  needed  to  make  a  part.     The  "National  PDES  Testbed" 
will  have  several  additional  functions,  including:    seeking  out  and  diagnos- 
ing unsolved  problems  in  the  developing  specification;  providing  a  demon- 
stration site  for  applications  of  PDES  technology;  helping  to  coordinate  a 
national  network  of  other  PDES  test  facilities;  and  conducting  an  informa- 
tion and  technology  transfer  program  to  speed  the  implementation  of  PDES 
standards.     The  project  is  funded  by  the  Defense  Department's  Computer- 
Aided  Acquisition  and  Logistic  Support  (CALS)  Office. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further,  contact 
Ms.  Cita  Furlani,  Metrology  Building,  Room  A131,  National  Institute  of 
Standards  &  Technology,  Gaithersburg,  MD     20899;  (301)  975-3543. 


U,S,  Army  Fact  Sheet 


Optimized  Mandrel  Fabrication 


Two  new  concepts,  a  Net-Metal-Mandrel  (NMM)  and  an  inflatable  mandrel  were 
tested  for  fabricating  Pershing  II  rocket  motor  cases.     Each  of  the  two  were 
judged  superior  to  the  present  disposable  plaster  mandrel.     The  NMM  concept 
was  found  to  be  the  best  approach  to  follow.     Estimated  savings  of  100  hrs  in 
flow  time  and  a  cost  savings  of  $1,000  per  case  were  calcualted  based  on 
substituting  a  NMM  for  a  disposable  plaster  mandrel.     In  addition  to  time  and 
cost  savings,  the  new  $&il0lftg^:£)rovides  lower  damage  risks,  better  dimensional 
stability  and  tighter  product  tolerances. 

FOR  ADDITIONAL  INFORMATION:     Additional  information  can  be  obtained  by 
contacting  Mr.  W.  Roll,  AMXIB-PA,  Production  Engineering  Division,  U.S.  Army 
Industrial  Engineering  Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5617. 
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Holding  Irregularly  Shaped  Parts  for  Machining 

A  temporary  covering  can  be  clamped. 


A  part  that  has  complicated,  irregular 
outside  contours  can  Pe  clamped  for  pre- 
cise machining  of  internal  passages  with 
the  aid  of  a  simple  method.  The  exterior  of 
the  part  is  cast  in  Rigidex,  or  equivalent 
epoxy.  The  epoxy  forms  a  wall  that  can  Pe 
clamped.  The  interior  of  the  part  —  a  ven- 
turi  tube,  for  example  (see  figure)  —  can 
then  be  machined  to  a  finish  of  125^in. 
(3  ^m)  or  finer. 

With  the  epoxy  covering,  the  part  can  be 
held  in  the  chuck  of  an  ordinary  lathe  and 
cut  without  excessive  bending.  More-cost- 
ly finishing  methods  like  honing  or  electri- 
cal-discharge machining  are  unnecessary. 
When  machining  is  finished,  the  epoxy  is 
melted  away  Py  heating  the  part  to  200  °F 
(93  °C). 

This  work  was  done  by  Burt  W.  Hilton 
and  Rick  R.  Wilson  of  Rockwell  Internation- 
al Corp.  for  Marshall  Space  Flight  Cen- 
ter. No  funher  documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center 
MFS-29344/TN 
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Venturl  Tube 
•  Encased  in  Rigidex, 
or  Equivalent 


A  Venturi  Tube  (top)  encased  in  Rigidex,  or  equivalent,  (bottom)  becomes  sufficiently  rigid 
that  its  interior  can  be  machined  precisely.  Later,  the  epoxy  is  melted  away. 
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Machining  Thin- 
Walled  Cylindrical 
Parts 

The  thermal  expansion  and 
contraction  of  a  beryllium 
copper  mandrel  is  exploited. 

Cylindrical  walls  only  a  few  thousandths 
of  an  inch  thick  can  be  machined  accur- 
ately and  without  tears  or  punctures  with 
the  aid  of  a  beryllium  copper  mandrel.  The 
mandrel  is  chilled  so  that  it  contracts,  then 
is  inserted  in  the  cylinder.  As  it  comes  to 
room  temperature,  the  mandrel  expands 
and  fits  snugly  inside  the  cylinder.  The  man- 
drel will  not  allow  the  part  to  slide  and  pro- 
vides a  solid  backup  to  prevent  deflection 
when  the  part  is  machined  by  a  grinding 
wheel.  When  machining  is  finished,  the  cyl- 
inder-and-mandrel  assembly  is  inserted  in 
dry  ice  so  that  the  mandrel  contracts  and 
can  readily  be  removed  from  the  part. 

The  method  has  been  used  to  grind  In- 
conel*  718  nickel  alloy  cylindrical  parts 
with  a  wall  thickness  of  0.003  in.  (0.76  mm) 
(see  figure),  with  a  rejection  rate  of  less 
than  10  percent.  Previously,  more  than  50 
percent  of  the  parts  had  to  be  rejected 
when  the  outside  diameter  was  finish- 
ground  and  the  inside  diameter  was  then 
bored  and  ground;  or,  alternatively,  a  stand- 
ard tapered  mandrel  was  inserted,  and  the 
outside  diameter  was  turned  and  ground. 

With  the  new  method,  the  part  is  first 
annealed,  then  rough-turned  to  within 
0.002  in.  (0.051  mm)  of  its  specified  inside 
and  outside  diameters,  hardened,  jig- 
ground  to  within  0.0005  to  0.001  in.  (0.012 
to  0.025  mm)  of  its  specified  inside  diame- 
ter, and  honed  and  lapped  to  final  size  on  its 
inside  diameter.  The  outside  diameter  of 
the  beryllium  copper  mandrel  is  machined 
to  provide  a  0.0001-in.  (0.0025-mm)  inter- 
ference fit  with  the  part. 

The  mandrel,  which  has  a  coefficient  of 
thermal  expansion  greater  than  that  of  the 
part,  is  chilled,  placed  in  the  part,  and 
allowed  to  come  to  room  temperature  to 
make  the  interference  fit.  With  the  part 
supported  by  the  mandrel ,  its  outside  diam- 


Nominal  Wall  Thickness 
0.003  in. 
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A  Thin-Walled  Cylindrical  Part  is  supported  during  outside-diameter  grinding  by  an  interfer- 
ence-fit mandrel.  The  mandrel  is  sized  for  the  inside  diameter  plus  0.0001  in.  (0.0025  mm). 


eter  is  ground  to  the  final  dimension.  The 

part  and  mandrel  are  chilled  again  in  dry 

ice  and  separated.  The  outside  diameter  of 

the  part  is  then  inspected  with  "go/no-go" 

rings. 

*lnconel  is  a  registered  trademark  of  the 


Inco  family  of  companies. 
This  work  was  done  by  Joe  Gmbak,  Jim 
Spagnolo,  and  Dan  Kraus  of  United  Tech- 
nologies Corp.  for  Johnson  Space  Cen- 
ter. No  further  documentaion  is  available. 
MSC-21260/TN 
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Making  Intricate,  Thin  Gaskets 

Elastomeric  gaskets  are  fabricated  precisely  in  a  simple  aluminum  fixture. 


An  effective  but  inexpensive  method 
has  been  developed  for  quickly  fabricating 
intricate  thin-film  elastomeric  seals  for  use 
in  instrumentation  manifolds.  The  manufac- 
ture of  thin-film  gaskets  had  previously  re- 
quired costly  and  time-consuming  special 
machine  setups  because  of  the  physical 
characteristics  of  the  elastomeric  materi- 
als used.  The  new  method  uses  aluminum 
stock  and  standard  machine  practices  to 
prepare  intricate  thin-film  seals  quickly. 

An  aluminum  fixture  (see  figure)  is  made 
with  holes  in  the  pattern  desired  in  the 
gasket.  The  fixture  is  made  in  two  halves, 
top  and  bottom,  large  enough  to  contain  at 
least  two  aligning  dowel  pins  placed  out- 
side the  gasket  area.  The  two  halves  are 
positioned  together,  and  the  holes  in  the 
desired  pattern  are  drilled  through  both 
halves  of  the  fixture. 

The  fixture  is  taken  apart,  and  the  elas- 
tomeric gasket  materials  are  placed  be- 
tween the  two  halves.  Probes  with  0.002  to 
0.004  in.  (0.05  to  0.010  mm)  clearance  of 
the  diameter  of  each  specified  hole  are 
heated  to  approximately  1,200  °F  (about 
650  °C).  The  hot  probes  are  then  inserted 
into  the  fixture  holes  through  the  gasket 
materials.  The  shank  ends  of  straight 
shank  drills  work  extremely  well  as  the 
probes  for  sizes  up  to  0.5  in.  (12.7  mm)  in  di- 
ameter. Probe  sizes,  insertion  rates,  and 
temperatures  are  adjusted  to  suit  the  gas- 
ket materials  and  configuration.  After  all 
the  holes  have  been  burned,  the  excess 
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Holes  Are  Burned  Through  the  Gasket  Material  with  hot  probes,  using  the  aluminum  fixture 
for  precise  alignment. 


material  is  trimmed  around  the  outside  of 
the  fixture.  The  two  halves  are  then  sepa- 
rated, and  the  completed  gasket  is  re- 
moved. 

This  technique  eliminates  the  costly  and 
time-consuming  methods  previously  used 
to  fabricate  intricate  thin-film  seals.  The 
sizes  and  locations  of  the  holes  in  the  gas- 
ket are  controlled  by  the  fixture,  and  mis- 
takes are  limited.  Also,  replacement  gas- 


kets can  be  made  quickly  and  easily.  This 
method  has  already  been  used  to  make  in- 
tricate thin-film  seals  for  a  variety  of  proj- 
ects at  NASA  Langley  Research  Center. 

This  work  was  done  by  Wayne  D. 
Geouge  of  Langley  Research  Center  No 
further  documentation  is  available. 
LAR-13681  7TN 
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Programmable  Grif-Blasting  System 

A  servocontroller  would  establish  the  trajectory  and  orientation  of  the  head. 


In  a  programmable  grit-blasting  system 
undergoing  design,  a  controller  would 
move  the  blasting  head  to  precise  posi- 
tions to  shape  or  to  remove  welding  de- 
fects from  parts.  The  controller  would  hold 
the  head  in  position  for  a  preset  dwell  time 
and  move  the  head  to  a  new  position  along 
a  predetermined  path. 

The  system  could  be  used  to  remove 
welding  defects  in  blind  holes.  It  would  also 
be  well  suited  for  repetitive  production  op- 
erations in  a  grit-blast  box;  for  example,  the 
iterative  shaping  of  turbine  blades  or  re- 
moval of  recast  layers  from  electrical-dis- 
charge-machined parts. 

The  blasting  head  could  be  rotated  by 
servomotors  through  an  arc  of  120° 
around  either  of  two  perpendicular  axes 
(see  figure).  The  controller  could  store  pro- 
grams for  as  many  as  31  different  trajec- 
tories, including  large  numbers  of  discrete 
x  and  y  coordinates  and  dwell  times. 


The  Position  of  the  Articulated  Head  is  established  by  a  pair  of  servomotors  according  to 
programmed  signals  from  the  controller.  The  head  is  similar  to  that  of  a  video  borescope. 

777/s  work  was  done  by  Richard  K. 
Burley  of  Rockwell  International  Corp.  for 
Marshall  Space  Right  Center. 

MFS-29220/TN 
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U.S.  Army  Fact  Sheet 


New  Blade  Inspection  System 


Manufacturing  technology  funding  has  assisted  in  developing  a  Computer- 
Integrated  Blade  Inspection  System  (IBIS)  to  inspect  engine  airfoil  com- 
ponents, blades  and  vanes  meeting  requirements  of  the  Army,  Air  Force 
and  Navy.     The  system  consists  of  four  modules:     Visual  Inspection  Module 
(VIM),  Fluorescent  Penetrant  Inspection  Module  (FPIM),  X-ray  inspection 
module  (XIM),  and  Infrared  Inspection  Module  (IRIM).     General  Electric, 
the  system  developer,  is  currently  using  the  XIM  and  IRIM  to  inspect 
blades  and  vanes  for  the  Army's  T-700  engine  and  the  Air  Force  is 
currently  installing  an  entire  IBIS  at  their  San  Antonio  Air  Logistics 
Center. 

FOR  ADDITIONAL  INFORMATION:     Additional  information  can  be 
obtained  by  contacting  Mr.  F.  Stonestreet,  AMXIB-PA,  Production 
Engineering  Division,  U.S.  Army  Industrial  Engineering  Activity,  Rock 
Island,  IL  61299-7260;  (309)  782-5617. 
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National  Aeronautics  and 
Soace  Administration 


Detecting  Wear  in  Ball 
Bearings  During  Operation 

Strain-gauge  signals  at 
harmonics  of  bail- 
bearing-cage  frequencies 
signify  wear. 

A  brief  report  describes  experiments  in 
a  continuing  effort  to  interpret  vibrations  of 
machinery  in  terms  of  wear  in  ball  bear- 
ings. A  proportionality  can  be  established 
experimentally  between  the  amount  of 
wear  and  the  amplitudes  of  harmonics  of 
the  rotational  frequency  of  the  bearing 
cage  found  in  vibration  signals  picked  up 
by  nearby  strain  gauges.  The  functional 
relation  that  applies  in  a  given  situation  is 
determined  by  collecting  the  strain-gauge 
data  for  several  bearings  during  use  and 
correlating  these  data  with  ball-wear 
measurements  made  on  the  same  bear- 
ings after  use.  The  same  method  should  be 
applicable  to  roller  bearings. 

The  method  is  being  used  to  monitor 


wear  on  bearings  in  high-pressure  oxygen 
turbopumps  used  in  the  Space  Shuttle 
main  engine.  Data  have  been  collected 
from  the  bearings  in  a  series  of  pumps. 
Correlation  coefficients  have  been  calcu- 
lated separately  for  minimum,  average, 
and  maximum  ball-wear  data  for  the  first 
three  harmonics.  Of  the  nine  correlation 
coefficients,  three  had  less  than  a  1 -per- 
cent probability  of  occurring  by  chance, 
five  a  probability  between  1  and  5  percent, 
and  one  a  probability  greater  than  5  per- 
cent. 

These  results  are  based  on  signals  from 
a  strain  gauge  located  inside  the  pump. 
The  same  cage-frequency  harmonics 
have  also  been  observed  in  signals  from 


externally-mounted  strain  gauges  and  ac- 
celerometers.  When  sufficient  data  from 
such  external  sensors  will  have  been  col- 
lected, a  correlation  analysis  of  those  data 
will  also  be  run. 

If  all  balls  are  worn  to  the  same  diame- 
ter, there  are  no  vibrations  at  the  cage  fre- 
quency or  its  harmonics.  Thus,  the  method 
can  be  used  to  detect  only  the  degree  of 
unevenness  in  the  wear  on  the  various 
balls. 

This  work  was  done  by  Michael  J.  Hine 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center. 
"In-Test  Measurement  of  Bearing 
Ball  Wear,"  MFS-29376/TN 
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Monitoring  Welding- 
Gas  Quality 

A  control  system 
prevents  weld  defects. 


A  system  monitors  welding  gas  to  en- 
sure that  its  characteristics  are  within  pre- 
determined values.  The  system  responds 
to  changes  that  might  go  unnoticed  by  a 
human  operator  and  acts  quickly  to  pre- 
vent weld  defects. 

The  system  independently  measures 
three  gas  characteristics:  pressure,  oxy- 
gen content,  and  moisture  content.  If  any 
of  these  characteristics  deviates  from  its 
alloted  range  or  maximum  level,  the  sys- 
tem activates  an  alarm  circuit.  The  opera- 
tor will  then  be  unable  to  initiate  an  arc,  or  if 
welding  is  already  in  progress,  the  arc  cur- 
rent will  be  shut  down  immediately. 

A  pressure  controller  associated  with 
the  system  (see  figure)  maintains  gas  pres- 
sure stably  and  accurately.  If  the  controller 
fails  or  if  the  gas-supply  pressure  varies 
beyond  the  controllable  range,  the  monitor 
alarm  takes  over  and  terminates  welding. 

This  work  was  done  by  Kevin  L 
Huddleston  of  Rockwell  International  Corp. 
for  Marshall  Space  Right  Center.  No  fur- 
ther documentation  is  available. 
MFS-29195/TN 
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An  Electronic  Pressure  Controller  employs  various  amounts  of  gain,  equalization,  and  com- 
pensation to  respond  to  changes  in  the  gas-supply  pressure.  The  controller  works  in  conjuc- 
tion  with  the  pressure/oxygen/moisture  monitor. 
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0309  Additives  Improve  Processing  of  Polyimides — Low-molecular-weight, 
thermally  stable  additives  enhance  flow  properties.  (Licensing 
Opportunity) 

031 0  Biphase  Metal  Electrodes  for  AMTEC — High  power  densities  are 
achieved.  (Licensing  Opportunity) 

031 1  Improved  Aluminized  Multilayer  Insulation — The  number  of  reflective 
surfaces  is  increased  while  reducing  or  only  slightly  increasing  bulk. 

0312  Substrates  for  High-Temperature  Superconductors — A  new  use  is  found 
for  a  process  described  previously. 

0313  Translating  Furnace  for  Fast  Melting  and  Freezing — Ceramic/metal 
composites  will  be  made  during  low-gravity  airplane  maneuvers. 

0314  Tribology — A  Survey  of  the  Science— A  collection  of  papers  covers 
theory,  practice,  history,  and  research. 

0315  Vibrations  Would  Induce  Flow  in  Molten  Silicon — Flow  patters  and 
velocities  would  be  controlled  to  improve  crystals. 

Other  Items  of  Interest 

0285    Transferring  Heat  in  Conjugating  Binary  Liquids — Less  pumping  would 
be  required. 


LLS-  Army  Fact  Sheet 


Asbestos  Replacement  in  Rockets 


The  identification  of  asbestos  as  a  carcinogen  and  the  subsequent  OSHA 
restrictions  concerning  its  use  dictated  that  non-asbestos  containing  insulators 
be  developed  for  rocket  motors.     Alternate  insulating  materials  were 
formulated  in  several  forms  and  screened  for  use  in  various  applications. 
Materials  were  tested  in  calendered,  mastic,  tape  and  felt  mat  forms. 
Ceramic  fibers  used  as  fillers  in  epoxy  or  phenolic  resins  exhibit  properties 
necessary  for  use  in  hard  insulation  types.    Silica,  Kevlar  or  mixtures  of 
silica/Kevlar  used  as  fillers  in  polyisoprene  binders  performed  well  in 
calendered  materials.    Two  successful  candidates  are  Buna-N/Kevlar 
formulations  which  worked  well  as  composite  grain  inhibitors  and  EPDM 
material  with  silica  and  Ammonium  Sulphate  fillers  which  molded  well. 

FOR  ADDITIONAL  INFORMATION:    Additional  information  can  be  obtained 
by  contacting  Mr.  W.  Roll,  AMXIB-PA,  Production  Engineering  Division, 
U.S.  Army  Industrial  Engineering  Activity,  Rock  Island,  IL  61299-7260; 
(309)  782-6226. 
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Machining  of  Beta-C  Titanium  Alloy 


The  results  of  studies  of  the  machinability  of  Beta-C  titanium  alloy, 
Ti-3AL-8V-6Cr-4Zr-4Mo,  are  described  in  a  report  issued  by  the  U.S.  Army 
Armament  Research,  Development,  and  Engineering  Center.    These  studies 
were  designed  to  provide  information  on  the  turning,  hole  boring,  and  bore 
finishing  of  hollow  cylinders  of  the  high  strength  Beta-C  titanium  alloy. 
Most  prior  machining  studies  have  been  conducted  on  alloys  such  as 
Ti-6A1-4V,  and  relatively  little  information  is  available  on  the  machinability 
of  the  Beta-C  alloy. 

The  studies  conducted  in  the  preliminary  phases  of  this  investigation  indicated 
that  the  Beta-C  alloy  was  quite  difficult  to  machine.     Tool  life  tended  to 
be  poor,  and  machining  rates  were  low.     More  extensive  studies  are  planned 
to  Metcut  Research  Associates  since  it  was  apparent  that  a  detailed  investi- 
gation conducted  under  controlled  laboratory  conditions  would  be  required 
to  develop  acceptable  machining  procedures  for  the  Beta-C  alloy. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     ADA1  9241 1/NAC 

Price  code:     A03 
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Technology  Application 


Lawrence  Berkeley  Laboratory 


Interfacial  Engineering  Toughens  Ceramic/Metal 
Interfaces 

The  continuing  increase  in  the  number  of  circuits  placed  on  single  VLSI  chips  has  made  the 
failure  of  the  ceramic/metal  interfaces  a  critical  issue  limiting  the  reliability  of  modern 
electronic  devices. 

CAM  researchers  led  by  R.M.  Cannon  and  R.O.  Ritchie  have  developed  a  technique  that  can 
increase  the  resistance  that  these  interfaces  show  to  fracture  by  up  to  a  factor  of  80.  The  use 
of  the  technique  can  also  reduce  by  orders  of  magnitude,  the  very  high  rate  of  crack  growth 
seen  in  moist  environments. 


The  technique,  based  on  earlier  research  at  LBL  on  the  mechanical  properties  of  glass/ 
copper  interfaces,  involves  implanting  patterned  arrays  of  microcrack-like  "pores"  by 
means  of  photolithography  combined  with  evaporation  and  diffusion-bonding.  These 
pores,  resembling  tiny  channels  within  the  copper,  lie  parallel  to  the  interface.  When  a 
growing  interfacial  crack  passes  near  the  pores,  their  presence  leads  to  the  separation  of  the 
Cu  from  the  glass  in  some  but  not  all  places.  Thus  "ligaments"  of  copper  remain,  bridging 
the  gap  created  by  the  crack  and  holding  the  interface  together  (see  figure).  Continuing 
research  is  focused  on  achieving  an  expected  additional  order  of  magnitude  increase  in 
fracture  resistance  of  these  joints  by  adjusting  the  metal-film  thickness,  the  deformation 
behavior  of  the  metal,  and  the  size  and  spacing  of  the  "pores". 


Failed  interface 


Bridging  ligament* 
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a)  Schematic  representation  of  the  growth  of  a  crack  (1-rl  in  an  interface  toughened  through  the  implantation  of  micro  crack-like 
void*  (ports)  in  the  copper.  The  pores  are  formed  by  etching  channels  in  the  glass  substrates  prior  to  its  bonding  with  the  copper. 
As  an  interfacial  crack  grows,  the  presence  of  the  pores  leads  to  the  production  of  ligaments  that  bridge  the  crack  and  strengthen 
the  interface. 

b)  Scanning  electron  micrograph  of  interface  before  tl)  and  after  failure. 
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For  Additional  Information: 

Office  of  Research  and  Technology  Application 

50A4112 

Lawrence  Berkeley  Laboratory 

Berkeley,  CA  94720 

Telephone  (415)  486-6502 

Refer  to  CAM  Volume  2,  Number  1/TN 


Technology  Application 


Solar  Energy  Research  Institute 


Cheaper  Wood  Adhesives  from  Wood  Waste 


Thanks  to  research  being  conducted 
at  SERI,  the  sawdust  from  sawmills  and 
bark  from  pulp  mills  may  one  day  feed 
the  production  of  adhesives  used  by  the 
wood  products  industry  to  produce 
plywood,  chip  board,  and  particle  board. 

Researchers  in  SERI's  Chemical  Con- 
version Research  Branch  have  created  a 


Pyrolysis  oils  are  produced  from  wood  waste 
in  the  fast  pyrolysis  reactor.  The  phenolic-rich 
fraction  of  the  oil  is  used  to  make  PF  resins, 
which  are  then  used  in  the  manufacture  of 
plywood,  chip  board,  and  particle  board. 

device— the  fast  pyrolysis  reactor— and 
a  simple  solvent  separation  process  for 
extracting  a  phenolic-rich  fraction  from 
complex  pyrolysis  oils  produced  from 
wood  wastes.  This  fraction  can  be  used 
as  a  substitute  for  half  the  petroleum- 


derived  phenol  and  reduce  by  more 
than  50  percent  the  amount  of  natural 
gas-derived  formaldehyde  used  in  con- 
ventional phenol/formaldehyde  (PF) 
thermosetting  resins. 

These  new  renewable  adhesives 
promise  the  same  performance  of  con- 
ventional PF  resins  at  about  half  the 
phenol  raw-material  cost.  They  would 
reduce  dependence  on  petroleum  and 
natural  gas— nonrenewable  resources 
subject  to  fluctuating  prices — for  phenol 
and  formaldehyde. 

SERI  is  continuing  its  research  into  ob- 
taining higher  yields  of  pyrolysis  oils,  ex- 
traction of  phenolic-rich  fractions  from 
the  oils,  and  processes  for  the  formula- 
tion of  PF  resins.  At  the  same  time,  it  is 
working  with  industry  to  advance  this 
research  toward  the  marketplace  by 
creating  an  industry-wide  consortium  to 
develop  renewable  adhesive  technology 
for  commercial  applications. 

For  Additional  Information: 

Mr.  Dana  Moran 

Research  &  Technology  Application 

Solar  Energy  Research  Institute 

1617  Cole  Boulevard 

Golden,  CO  80401-3393 

(303)  231-7115 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Fire-Retarded  Plastics  Can  Improve  Life  Safety 


In  a  comparison  study  of  five  commonly-used  plastic  products,  NIST 
researchers  report  that  those  treated  with  a  fire  retardant  did  not  burn 
as  quickly  and  released  significantly  less  heat  and  toxic  gases  than 
untreated  products.     The  Fire  Retardant  Chemicals  Association  asked 
the  Center  for  Fire  Research  at  NIST  to  investigate  the  fire  hazard 
of  identical  plastic  items  with  and  without  fire  retardants.     Questions 
have  been  raised  concerning  whether  fire  retarded  products  burn 
slower  but  produce  more  toxic  gases  and  whether  their  use  can  improve 
fire  safety.     "This  study  shows  that  fire  retardants  can  improve  the  fire 
safety  of  plastic  products  without  increasing  the  hazard  of  combustion 
toxicity,"  says  Dr.  Vytenis  Babrauskas  of  NIST.     However,  he  cautions 
that  not  all  fire-retarded  products  can  automatically  be  expected  to 
perform  the  same.     "As  new  plastic  formulations  and  new  fire-retardant 
chemicals  are  developed,  each  new  combination  should  be  tested  and 
evaluated,"  he  says. 


FOR  ADDITIONAL  INFORMATION:    To  discuss  these  efforts  further, 
contact  Dr.  Vytenis  Babrauskas,  Polymer  Building,  Room  A363,  National 
Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301) 
975-6679. 
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(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Plastic  Pipe  Standards  to  Aid  Gas  Industry 


A  long-term  supply  of  polyethylene  samples  to  serve  as  reference  materials 
is  now  available  from  NIST.     The  calibration  samples  will  be  a  valuable  aid 
to  the  gas  industry,  pipe  manufacturers,  and  researchers  in  evaluating  the 
performance  of  polyethylene  piping  now  available  or  under  development  for 
use  in  natural  gas  distribution  systems.     In  the  United  States,  these  systems 
already  include  more  than  250,000  miles  of  plastic  pipe.     About  80  percent 
of  all  newly  installed  pipe  is  polyethylene.     Recognizing  that  such  a  vast 
system  requires  a  reliable  source  of  standardized  polyethylene  samples,  the 
Gas  Research  Institute  (GRI)  requested  NIST  to  establish  a  sample  bank  of 
materials  and  to  develop  testing  methods  with  which  to  certify  their  physi- 
cal, thermal  and  molecular  properties.     The  polyethylene  samples  are 
available  from  NIST  in  the  form  of  two  standard  reference  material  (SRM) 
resins— unpigmented  and  pigmented— and  five  research  materials  (RMs)— 1/2-, 
2-,  and  4-inch  piping,  and  socket  and  butt  T-joint  fittings. 


FOR  ADDITIONAL  INFORMATION:  To  order  the  new  polyethylene  materials, 
contact  the  Office  of  Standard  Reference  Materials,  B31  1  Chemistry  Building, 
NIST,  Gaithersburg,  MD  20899;  (301)  975-OSRM  (6776). 
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U.S.  Forest  Service 

U.S.  Department  of  Agriculture 


Dry  Kiln  Schedule  For  Commercial  Woods 


The  USDA  Forest  Service's  Forest  Products  Laboratory  has  just  published  a 
report  that  assembles  drying  schedules  for  more  than  500  species  of  temperate 
and  tropical  woods.     Dry  Kiln  Schedules  for  Commercial  Woods— Temperate 
and  Tropical  consolidates  and  updates  drying  schedules  from  many  sources, 
making  them  easy  to  find  and  convenient  to  use. 

The  schedule  for  each  species  is  completely  written  out,  instead  of  being 
listed  only  in  coded  form  (e.g.  T2-D4)  as  several  previous  publications  have 
done.     In  addition,  some  schedules  for  western  U.S.  and  Canadian  softwoods 
and  U.S.  southern  pine  have  been  revised.    These  schedules  update  recommenda- 
tions made  in  the  U.S.  Department  of  Agriculture  Handbook  No.  188,  Dry 
Kiln  Operator's  Manual. 

The  report  also  includes  the  latest  suggested  high-temperature  (exceeding  212°F) 
drying  schedules  for  both  softwoods  and  hardwoods. 

Intended  as  a  working  tool  for  dry  kiln  operators,  the  publication  includes  dry 
kiln  schedules  for  several  thicknesses  of  more  than  500  temperate  and  tropical 
woods  and,  for  many  species,  schedules  for  specialty  products,  such  as  wooden 
squares,  handle  stock,     and  gun  stock  blanks.    For  durability,  this  158-page  report 
is  bound  in  a  water-resistant  cover. 

Most  dry  kiln  schedules  in  the  report  are  intended  for  use  with  steam-heated 
kilns  with  temperature  and  humity  closely  controlled.    Experienced  kiln 
operators  may  use  the  report  as  a  general  guideline,  altering  the  schedules 
according  to  individual  kiln  conditions  and  wood  property  variations. 

FOR  ADDITIONAL  INFORMATION:    For  a  copy  of  General  Technical  Report 
FPL-GTR-57,  Dry  Kiln  Schedules  for  Commerical  Woods— Temperate  and 
Tropical,  write  or  call:    Forest  Products  Laboratory,  One  Gifford  Pinchot  Dr., 
Madison,  WI  53705-2398;  (608)  264-5600. 
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Additives  Improve  Processing  of  Polyimides 

Low-molecular-weight,  thermally  stable  additives  enhance  flow  properties. 


Aromatic  polyimides  are  usually  consid- 
ered to  be  high-temperature,  high-perform- 
ance plastics  that  require  processing  via 
poly(amic  acid)  precursors.  This  is  be- 
cause polyimides  are  usually  insoluble  in 
most  organic  solvents  and  are  either  infusi- 
ble or  have  very  high  melting  or  softening 
temperatures  near  those  at  which  de- 
composition begins.  Therefore,  a  need  ex- 
ists for  polyimides  as  matrix  resins  and 

the  polymer  coating  thus  obtained  includes 
the  semicrystalline  powder  homogeneously 
dispersed  on  the  substrate  in  the  polyimide 
derived  from  the  polyamic  acid.  Thermal 
treatment  above  the  melting  temperature 
of  the  semicrystalline  powder  with  or  with- 
out the  application  of  pressure  causes  en- 
hanced melt  flow  of  the  blend  of  the  two 
polyimides.  The  viscosity  of  the  melt  in- 
creases as  the  molecular  weight  of  the 
polyimide  derived  from  the  semicrystalline 
powder  increases. 


HO2C 


Qj-C-NH^g) 
@)— HNC  /^^VC02H 
O 

EXAMPLE  OF  AN  AMIC  ACID  ADDITIVE 


cf3         o  cf3        0  CF3 


cf3 


EXAMPLE  OF  AN  IMIDE  ADDITIVE 


Amlc  Acid  or  Imlde  Additives  are  used  to  decrease  the  viscosities  of  certain  polymer  melts. 


This  technique  was  used  to  make  vari- 
ous stable  slurries  from  which  prepregs 
were  prepared.  The  composites  fabricated 
from  the  prepregs  exhibited  high  glass- 
transition  temperatures,  excellent  con- 
solidation, and  had  no  voids,  as  indicated 
by  good  ultrasonic  C-scans  by  equipment 
capable  of  detecting  microvoids.  High 
short -beam  shear  and  flexure  properties  of 
these  composites  were  also  obtained  at 
both  room  and  high  temperatures. 

This  work  was  done  by  Robert  M. 


Baucom,  Norman  J.  Johnston,  Terry  L  St. 
Clair,  James  B.  Nelson,  John  R.  Gleason, 
and  K.  Mason  Proctor  of  Langley  Re- 
search Center 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Langley  Research  Center 
Refer  to  LAR-13695/TN 

L«ngl»y  RaMarch  Ctr. 
Hampton,  VA  23665 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
(804)  865-3281 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
(804)  865-3725 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Biphase  Metal  Electrodes  for  AMTEC 

High  Power  Densities  are  Achieved. 


New  biphase  metal  electrodes  for  the 
alkali  metal  thermoelectric  converter 
(AMTEC)  exhibit  low  electrical  resistance, 
fast  alkali  metal  transport,  and  good  power 
densities  and  lifetime  at  operating  temper- 
atures from  1,100  to  1,1 60K.  When  fully  de- 
veloped, AMTEC  electrodes  are  expected 
to  last  as  long  as  10,000  h  in  service  with- 
out significant  degradation. 

A  biphase  electrode  is  made  up  of  two 
refractory  metals,  one  of  which  forms 
strong  bonds  with  sodium,  the  other  being 
inert  to  sodium.  The  first  metal  binds 
sodium  in  the  operating  electrode,  while 
the  second  metal  maintains  the  stability  of 
the  electrode  structure.  Suitable  inert 
metals  include  Mo,  W,  Ta  and  others  in 
groups  4b,  5b,  and  6b  of  the  periodic  table 
of  elements.  The  refractory  metals  that 
strongly  bind  sodium  include  Pt  and  Rh. 

The  AMTEC  is  a  thermally-regenerative 
electrochemical  cell  that  depends  on  the 
sodium-ion  conducting  properties  of  beta 
alumina  solid  electrolyte  and  a  very  high 
sodium  activity  gradient  between  the  high- 
temperature  sodium  reservoir  and  an  ex- 
ternal electrode  from  which  sodium  evap- 
orates to  a  low-temperature  condenser. 
The  cell  has  demonstrated  a  direct  ther- 
mal-to-electric conversion  efficiency  of  19 
percent,  which  is  much  higher  than  state- 
of-the-art  conversion  efficiencies  of  other 
direct  thermoelectric  devices. 

The  goal  of  AMTEC  research  has  been 
to  create  electrodes  that  show  stable  per- 
formance with  low  impedance  for  long 
periods  of  operation.  The  new  electrodes 
operate  with  very  low  impedance  to  sodi- 
um transport  from  the  electrode/solid- 
electrolyte  interface  to  the  exterior  sur- 
face. It  appears  that  there  is  strong  surface 
binding  of  sodium  to  the  metallic  walls  of 
pores  within  the  electrode  and  rapid  sodi- 
um transport  by  surface  diffusion.  Sodium 
gas  is  released  at  the  electrode  surface 
from  which  it  flows  to  the  condenser. 

Details  of  the  transport  process  are  still 
being  investigated,  but  it  is  clear  that  a 
highly-efficient  sodium  transport  mode  op- 
erates in  these  electrodes.  Unoptimized 
Pt/W  electrodes  have  been  operated  con- 
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Maximum  Power  Density  Versus  Time  for  six  graded  composition  Pt/W  AMTEC  electrodes 
shows  stable  performance  for  the  length  of  the  test.  One  electrode,  which  exhibited  superior 
adhesion  to  the  solid  electrolyte,  also  performed  exceptionally  well  at  ~0.8  W/cm2. 


sistently  at  ~0.5  W/cm2,  but  one  electrode 
showed  exceptional  performance,  deliver- 
ing ~0.8  W/cm2  for  160  h  before  exhaus- 
tion of  the  sodium  charge.  This  long-term 
performance  is  four  times  that  observed 
only  a  few  years  ago  in  mature  perform- 
ance of  molybdenum  electrodes,  which 
were  the  best  electrodes  at  that  time.  Reli- 
able performance  at  ~0.55  W/cm2  is  con- 
sidered necessary  for  high  efficiency,  practi- 
cal thermoelectric  conversion  by  AMTEC's. 

This  work  was  done  by  R.  Williams,  C. 
Bankston,  T.  Cole,  S.  Khanna,  B.  Jeffries- 
Nakamura  and  B.  Wheeler  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 


1207  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-16787/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Improved  Aluminized  Multilayer  Insulation 

The  number  of  reflective  surfaces  is  increased  while  reducing  or  only  slightly  increasing  bulk. 


It  is  possible  to  improve  the  insulating 
quality  of  multilayer  reflective  thermal  in- 
sulation by  modifying  the  configuration  of 
the  layers.  In  a  blanket  of  such  insulating 
material,  layers  of  aluminized  Mylar  (or 
equivalent)  polyethylene  terephthalate 
separated  by  spacers  cause  multiple  re- 
flections of  thermal  radiation  and  thereby 
impede  the  passage  of  the  radiation 
through  the  blanket.  The  insulating  quality 
of  the  blanket  is  proportional  to  the  number 
of  functional  aluminized  radiation-shield 
surfaces  in  the  assembly. 

In  the  original  version  of  the  insulation 
(see  figure),  which  was  designed  for  use  on 
a  spacesuit,  a  spacer  layer  of  rip-stop 
material  is  glued  to  one  side  of  each  reflec- 
tive layer.  Four  such  layers  are  stacked, 
with  the  spacer  sides  all  facing  the  same 
way.  While  this  design  provides  an  easily 
handled,  durable  assembly,  the  glue  on 
one  face  of  each  layer  counteracts  the  low 
radiation  emissivity  of  that  face,  thus 
reducing  the  number  of  effective  radiation 
shields  per  layer  from  two  to  one. 

Provided  that  the  insulation  is  not  used 
in  direct  contact  with  another  surface,  the 
performance  of  the  insulation  would  be  un- 
changed if  two  of  the  layers  were  reversed, 
because  there  would  still  be  four  functional 
radiation-shield  surfaces.  In  this  configura- 
tion, two  spacer  layers  are  adjacent  to 
each  other,  making  one  of  them  redundant. 
The  removal  of  the  redundant  layer  would 
increase  the  number  of  functional  radia- 
tion-shield surfaces  to  five,  thus  improving 
the  quality  of  insulation.  This  change  would 
also  decrease  the  bulk  of  the  insulation  and 
increase  its  flexibility.  The  long-term  resis- 
tance to  wear  will  be  slightly  reduced  due 
to  the  relative  weakness  of  the  plain  layer 
with  no  rip-stop  spacer. 

Alternatively,  instead  of  removing  one  of 
the  adjacent  spacer  layers,  another  layer 
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Multilayer  Reflective  Insulation  is  made  of  layers  of  aluminized  polyester  with  rip-stop  back- 
ing. The  structure  at  the  top  has  only  four  functional  low-emissivity  surfaces.  If  two  of  the 
layers  are  reversed,  the  performance  is  essentially  unchanged.  The  two  variants  shown  at 
the  bottom  have  five  and  six  functional  surfaces,  respectively,  and  would  provide  better  insu- 
lation. 


can  be  inserted  between  them  to  form  an 
insulating  system  with  six  functional  radia- 
tion-shield surfaces.  This  blanket  would 
have  half  again  as  many  functional  sur- 
faces as  the  original  insulation,  yet  would 
be  only  slightly  thicker  and  less  flexible. 
While  the  durability  of  the  added  layer  must 
be  considered,  the  overall  performance  is 


expected  never  to  deteriorate  to  the  level 
of  the  original  configuration. 

This  work  was  done  by  Edward  H. 
Tepper  of  United  Technologies  Corp.  for 
Johnson  Space  Center  No  further  docu- 
mentation is  available. 
MSC-21259/TN 
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Substrates  for  High-Temperature  Superconductors 


A  new  use  is  found  for  a  process  described  previously. 


A  proposed  hot-dipping  process  would 
prepare  materials  well  suited  to  serve  as 
substrates  for  high-temperature  supercon- 
ductors like  YBa2Cu307+x.  The  process 
would  make  it  possible  to  produce  sub- 
strates that  combine  the  properties  need- 
ed for  a  given  application  —  such  proper- 
ties as  flexibility,  strength,  long  grains,  and 
a<001>  crystal  orientation.  These  proper- 
ties favor  the  growth  of  superconductive 
films  that  can  carry  high  current  and  can 
be  fabricated  in  a  variety  of  useful  shapes. 

The  process,  to  be  used  in  making  solar 
cells,  was  described  in  "Hot-Dipped  Metal 
Films  as  Epitaxial  Substrates"  (NPO- 
15904),  NASA  Tech  Briefs,  Vol.  8,  No.  3 


(Spring  1984),  page  412.  The  substrate 
would  be  formed  by  dipping  an  inert  sup- 
port — a  subsubstrate  —  into  a  melt  of  the 
substrate  material.  A  thin  film  of  the  sub- 
strate material  would  solidify  as  a  sheet  of 
large  crystals  as  the  support  is  slowly  with- 
drawn. The  superconductor  would  then  be 
deposited  on  the  substrate  as  an  epitaxial 
film  by  magnetron  sputtering,  chemical- 
vapor  deposition,  molecular-beam  epitaxy, 
or  another  related  process. 

The  substrate  material  would  be  cho- 
sen so  that  its  crystal  shape,  dimensions, 
and  orientation  closely  match  those  of 
YBa2Cu307 ,  x.  Candidate  substrate  mater- 
ials include  Tl,  body-centered-cubic  alloys 


like  LaTI  and  LaCd,  and  several  metal 
halides  and  oxyhalides. 

The  superconductor  film  grown  on  such 
a  substrate  would  share  the  same  large  or 
long  crystalline  shape  of  the  substrate.  It 
would  no  longer  be  necessary  to  rely  on 
brittle,  macrocrystalline  blocks  of  ceram- 
ics like  strontium  titanate  as  substrates.  In- 
stead, the  superconductor  could  be  made 
as  flexible  wires,  sheets,  and  other  forms 
as  required. 

This  work  was  done  by  Paul  J.  Shlichta 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

NPO-17317  /TN 
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Translating  Furnace  for  Fast  Melting  and  Freezing 

Ceramic/metal  composites  will  be  made  during  low-gravity  airplane  maneuvers. 


A  developmental  translating-furnace 
apparatus  will  be  used  to  make  ceram- 
ic/metal composite  materials  during  para- 
bolic trajectories  of  a  KC-135  airplane  that 
simulate  low  gravity.  Mathematical  model- 
ing has  shown  that  the  apparatus  will  be 
able  both  to  melt  the  metal  alloys  and  to 
solidify  the  resulting  composite  specimens 
during  the  22-  to  30-second  low-gravity  in- 
tervals. 

The  requirement  of  rapid  processing  is 
dictated  by  the  nature  of  the  materials.  The 
ceramic  and  metal  particles  are  inter- 
mixed and  dispersed  uniformly  in  the  cruci- 
ble before  the  experiment.  The  ceramic 
particles  remain  solid  during  the  experi- 
ment and  have  a  density  different  from  that 
of  the  metal.  Thus  the  metal  must  be  melt- 
ed and  resolidified  during  the  brief  interval 
of  uninterrupted  low  gravity  to  prevent 
gravitational  segregation  of  the  metal  and 
ceramic. 


The  furnace  assembly  (see  figure)  is 
similar  to  a  directional-solidification  fur- 
nace in  both  design  and  function.  It  con- 
tains three  heating  zones  and  one  cooling 
zone.  The  specimens  are  contained  in  a 
cylindrical  crucible  of  refractory  material. 

Initially,  the  furnace  is  placed  so  that  a 
specimen  is  held  in  the  preheating  zone  at 
a  temperature  just  below  the  melting  point. 
Shortly  after  the  beginning  of  the  low-gravi- 
ty maneuver,  the  furnace  is  moved  rapidly 
(about  10  cm/s)  along  the  crucible  until  the 
specimen  is  in  the  hotter  rapid-melting 
zone.  About  5  to  10  s  after  the  specimen 
becomes  molten,  the  furnace  is  again 
moved  rapidly  to  put  the  specimen  in  the 
cooling  zone.  The  gradient-control  zone 
between  the  rapid-melting  and  cooling 
zones  can  be  used  optionally  to  vary  the 
quenching  rate  in  the  specimen. 

In  an  alternative  design,  the  rapid-melt- 
ing zone  is  shortened  to  about  1  cm,  and  a 


second  water-cooled  zone  is  placed  be- 
tween the  preheating  zone  and  the  rapid- 
melting  zone.  This  configuration  causes  a 
small  molten  zone  to  be  formed  in  the 
specimen  between  two  solid  zones.  The 
furnace  is  translated  at  a  controlled  speed 
during  repeated  intervals  of  high  and  low 
gravity,  causing  portions  of  the  specimen 
to  be  melted  and  solidified  during  each 
such  interval.  This  mode  of  operation  will 
produce  results  analogous  to  those  ob- 
tained in  previous  experiments  with  pure 
alloys. 

This  work  was  done  by  F.  Workman,  R. 
J.  Suggs,  P.  A.  Curreri,  E.  C.  Ethridge,  D.  T. 
Perkinson,  S.  Tucker,  and  G.  A.  Smith  of 
Marshall  Space  Right  Center 


MFS-26064/TN 
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The  Furnace  Assembly  moves  along  the  crucible  In  a  programmed  manner  to  preheat,  melt,  and  solidify  the  specimen  during  an  interval  of 
less  than  22  s. 
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Tribology  —  A  Survey 
of  the  Science 

A  collection  of  papers 
covers  theory,  practice, 
history,  and  research. 

A  compendium  presents  six  papers  on 
tribology  the  study  of  adhesion,  friction, 
wear,  and  lubrication  of  solid  materials  in 
contact.  The  first  paper,  "Tribology,"  sur- 
veys the  science.  It  discusses  adhesion 
and  friction,  noting  that  adsorbed  surface 
films  and  oxides  on  metals  markedly  influ- 
ence tribological  behavior.  Environmental 
factors  thus  figure  strongly  in  the  design  of 
bearings,  gears,  and  seals. 

The  paper  describes  the  nature  of  adhe- 
sive, abrasive,  and  corrosive  wear.  In  re- 
gard to  lubrication,  the  paper  notes  that 
subtle  differences  in  the  molecular  struc- 
ture of  hydrocarbons  can  influence  adhe- 
sion and  friction.  In  lubrication  by  liquids, 
distinct  regimes  can  be  identified.  Both  the 
physical  properties  of  the  lubricant  and  the 
operating  variables  affect  the  performance 
of  the  lubricant.  With  solids  as  high-temper- 
ature lubricants,  both  thermal  and  oxida- 
tive stability  are  important,  as  is  the  range 
of  operating  temperatures.  Such  tech- 
niques as  ion  plating  and  sputtering  are 
being  increasingly  used  to  apply  solid  film 
lubricants. 

"Boundary  Lubrication  —  Revisited' 
reviews  the  various  lubrication  regimes, 
with  particular  emphasis  on  boundary  lu- 
brication. It  illustrates  the  types  of  wear  de- 
bris and  the  extent  of  surface  damage  for 
each  regime.  It  discusses  the  role  of 
boundary-surface  films,  their  modes  of  for- 
mation, and  important  physical  properties. 
Finally,  it  considers  the  effects  of  operating 


parameters  on  friction  and  wear  in  the 
boundary-lubrication  regime. 

"Solid  Lubricant  Materials  for  High  Tem- 
peratures —  A  Review"  discusses  lubri- 
cants that  can  be  used  at  temperatures 
above  300  °C  in  air.  It  discusses  coatings 
and  self-lubricating  composite  bearing 
materials,  including  dichalcogenides, 
graphite,  graphite  fluoride,  polyimides,  soft 
oxides,  oxidatively  stable  fluorides,  and 
hard  coating  materials.  The  paper  evalu- 
ates the  materials  in  terms  of  their  temper- 
ature limits,  chemical  stabilities,  lubricating 
properties,  and  methods  of  application. 

"Design  and  Lubrication  of  High-Speed 
Rolling-Element  Bearings"  examines  pa- 
rameters that  can  be  used  to  design, 
specify,  and  choose  lubricants  for  such 
high-speed  bearings  as  those  in  turbo- 
machinery.  The  paper  notes  that  the  life  ex- 
pectancy and  reliability  now  equal  or 
exceed  those  of  lower  speed  bearings. 
However,  high-speed  bearings  are  not 
components  that  can  simply  be  ordered 
from  a  manufacturer's  catalog.  Values  of 
design  parameters  must  be  optimized  with 
the  aid  of  computer  programs.  The  man- 
agement of  heat  and  the  selection  of  bear- 
ing materials  and  lubricants  must  be  inte- 
grated into  the  bearing  design. 

"Lubrication  and  Cooling  for  High- 
Speed  Gears"  discusses  the  problems  and 
failures  that  occur  in  high-speed  gears.  It 
examines  the  losses  associated  with  tooth- 


mesh  friction,  bearing  friction,  churning, 
and  windage  and  shows  how  the  losses 
can  be  reduced  and  efficiency  thereby  im- 
proved. The  paper  presents  several  meth- 
ods of  oil-jet  lubrication,  including  into- 
mesh,  out-of-mesh,  and  radial-jet  lubrica- 
tion. It  evaluates  the  strengths  and  weak- 
nesses of  each  method  and  gives  ex- 
perimental and  analytical  data.  It  points  up 
the  need  for  improved  methods  for  the 
cooling  of  gears  at  high  speeds  and  loads. 

"A  Historical  Perspective  of  Traction 
Drives  and  Related  Technology"  traces 
the  evolution  of  traction-drive  technology 
from  early  development  to  contemporary 
research.  Much  recent  research  has 
centered  on  improving  power  and  capacity 
without  sacrificing  simplicity.  Principal 
research  efforts  include  modeling  the  trac- 
tive behavior  of  lubricants;  predicting  the 
useful  torque  that  can  be  passed  between 
rollers  without  excessive  damage  to  the 
contact  surfaces;  improving  the  durability 
of  traction-drive  materials,  chiefly  bearing- 
grade  steels;  developing  lubricants  that 
produce  higher  traction  forces;  and  devel- 
oping drive  arrangements  that  maximize 
the  durability,  torque,  and  drive  ratio. 

This  work  was  done  by  Donald  H. 
Buckley,  William  Ft.  Jones,  Jr.,  Harold  E. 
Sliney,  Erwin  V.  Zaretsky,  Dennis  P. 
Townsend,  and  Stuan  H.  Loewenthal  of 
Lewis  Research  Center.  "Tribology:  The 
Story  of  Lubrication  and  Wear, " 
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Vibrations  Would  Induce  Flow  in  Molten  Silicon 

Flow  patterns  and  velocities  would  be  controlled  to  improve  crystals. 


According  to  a  proposal,  intense  sound 
would  be  used  to  induce  flow  in  molten  sili- 
con to  increase  the  quality  of  crystals 
grown  in  the  shallow-melt  Czochralski  proc- 
ess. In  that  process,  the  depth  of  the  melt 
under  the  growing  ingot  is  kept  below  the 
critical  value  for  the  onset  of  buoyancy-in- 
duced convection,  to  prevent  the  forma- 
tion of  inhomogeneities  in  the  ingot.  How- 
ever, the  flow  of  liquid  in  the  region  of 
growth  is  still  uncontrolled. 

The  insertion  of  an  acoustic  rod  in  the 
melt  can  cause  acoustic  streaming,  which 
can  be  exploited  to  obtain  a  controlled, 
predictable  flow  of  the  nutrient  melt.  An- 
other application  of  acoustic  streaming  is 
to  counteract  the  effect  of  gravitation  — 
an  acoustic  rod  can  create  a  circulation 
opposite  that  caused  by  gravitation  (see 
figure). 

The  velocity  of  the  flow  depends  on  the 
intensity  of  the  sound  field.  The  acoustic- 
streaming  pattern  depends  on  the  size  and 
shape  of  the  crucible  or  melt  chamber,  the 
type  of  acoustic  excitation  (whether  stand- 


ing-wave or  traveling-wave),  the  boundary 
conditions,  and  the  temperature  gradient 
in  the  chamber. 

The  acoustic  source  can  be  a  simple  vi- 
brating piston  in  the  chamber  wall.  In  that 
case,  the  acoustic  flow  would  be  along  the 
axis  of  the  source  and  away  from  the 
source,  with  countercurrents  back  to  the 
source  at  a  distance  from  the  forward 
stream.  If  the  source  were  positioned 
along  the  axis  of  a  long  tube,  the  liquid  in 
the  sound  beam  would  flow  away  from  the 
source  and  return  along  the  wall  of  the 
tube.  If  the  source  were  to  excite  an  entire 
closed  chamber  into  plane  standing 
waves,  the  liquid  flow  would  consist  of 
clockwise  and  counterclockwise  circular 
patterns  that  would  repeat  each  half  wave- 
length of  the  sound. 

This  work  was  done  by  M.  B.  Barmatz 
and  A.  D.  Morrison  ofCaltech  for  NASA's 
Jet  Propulsion  Laboratory 
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A  Vibrating  Rod  forces  molten  silicon  to 
flow  upward  under  the  growing  surface  of  a 
silicon  ingot.  The  normal  gravitationally  in- 
duced convection  would  be  in  the  opposite 
direction. 
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Animal  Model  for  Pulmonary  Hypertension 


A  newly  discovered  animal 
model  for  pulmonary  hyperten- 
sion, based  on  naturally  occur- 
ring pulmonary  vascular  disease 
in  the  stumptailed  macaque 
(Macaca  arctoides),  may  be  helpful 
in  developing  biochemical  mark- 
ers for  early  detection  of  the  dis- 
ease in  humans,  according  to 
researchers  at  the  Bowman  Gray 
School  of  Medicine  in  Winston- 
Salem,  North  Carolina.  An  ap- 
propriate animal  model  for  hu- 
man pulmonary  vascular  disease 
is  critically  needed,  because  diag- 
nosis often  comes  after  the  disor- 
der is  far  advanced  and  perhaps 
irreversible,  the  investigators 
note. 

Dr.  Kenneth  M.  Weesner,  as- 
sistant professor  in  the  depart- 
ment of  pediatrics  at  Bowman 
Gray,  says  pulmonary  hyperten- 
sion and  other  pulmonary  vascu- 
lar diseases  are  relatively  uncom- 
mon but  important  causes  of 
morbidity  in  humans.  With  few 
patients  available  for  clinical 
investigation,  the  lack  of  a  suita- 
ble animal  model  has  severely 
limited  research  into  these  dis- 
eases. 

Pulmonary  vascular  disease 
may  be  caused  by  congenital 
heart  defects.  However,  the 
cause  of  primary  pulmonary  hy- 
pertension is  completely  un- 
known. This  disease  is  progres- 
sive and  eventually  causes  severe 
symptoms,  although  it  may  be 
clinically  silent  for  many  years. 

"We  are  not  very  far  along  in 
understanding  pulmonary  vascu- 
lar disease,"  Dr.  Weesner  says. 
"I  most  often  deal  with  it  second- 
ary to  congenital  heart  disease, 
and  we  are  not  very  far  along  in 
this  regard  either  in  terms  of  pre- 
vention or  early  detection  or 
medical  treatment  of  far  ad- 
vanced cases." 
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Two  adult  stumptailed 
macaques  groom  each  other 
while  an  infant  chews  on  a  food 
biscuit.  Naturally  occurring 
pulmonary  vascular  disease  in 
these  monkeys  provides  a  model 
for  pulmonary  hypertension  that 
may  help  in  developing 
biochemical  markers  for  early 
detection  of  the  disease  in 
humans. 


\  study  of  the  pulmonary  cir- 
culation of  the  stumptailed  maca- 
que revealed  that  nearly  one- 
third  of  63  animals  had  severe 
medial  thickening  of  pulmonary 
arteries  that  was  not  due  to  a 
congenital  heart  defect.  Hemo- 
dynamic studies  of  29  live  ani- 
mals of  different  ages  revealed 
that  8  had  elevated  pulmonary 
artery  pressure,  10  had  normal 
pressure,  and  11  had  intermedi- 
ate pulmonary  pressure.  Dr. 
Weesner  points  out,  however, 
that  the  pulmonary  hypertension 
seen  in  the  stumptailed  maca- 
ques is  not  severe  enough  to 
warrant  trials  of  therapeutic 
measures. 

"Since  the  pulmonary  hyper- 
tension is  relatively  modest,  it 
doesn't  make  sense  to  look  at 
ways  of  treating  it;  you  can't  see 
what  you  are  accomplishing  in 
terms  of  intervention,"  he  says. 

The  animal  model  may,  how- 
ever, provide  some  insight  into 
the  etiology  of  pulmonary  hy- 
pertension. Monkeys  were  ex- 
posed to  hypoxic  conditions 
which  cause  constriction  of  the 
pulmonary  artery.  Animals  with 
elevated  pulmonary  artery  pres- 
sure had  a  blunted  increase  in 


pulmonary  pressure  when  com- 
pared to  those  with  normal  pres- 
sure. These  results  suggest  that 
pulmonary  hypertension  in 
stumptails  with  elevated  pres- 
sure may  be  associated  with  vas- 
oconstriction of  the  pulmonary 
artery. 

"The  most  crucial  research 
question  involving  this  colony  is 
a  biochemical  marker.  There  is 
some  evidence  that  platelet  ac- 
tivation may  lead  to  the  in- 
creased pulmonary  artery  pres- 
sure that  we  are  seeing,  both  in 
monkeys  and  in  humans,"  Dr. 
Weesner  says.  "This  may  serve 
as  a  biological  marker  that  we 
can  use  in  the  early  stages  of  the 
disease  to  identify  people  who 
can't  be  identified  hemody- 
namically  or  by  echocardiogra- 
phy." 

If  vasoconstriction  is  involved, 
Dr.  Weesner  believes  it  may  be 
possible  to  develop  biological 
and  biochemical  markers  for  pul- 
monary hypertension  using  vari- 
ous vasoactive  mediators.  He  is 
currently  testing  urine  samples 
from  the  colony  of  stumptailed 
macaques  to  look  for  evidence 
that  one  such  mediator,  throm- 
boxane, is  present  in  the  blood. 


The  problem  is  not  in  developing 
a  screening  method  but  in  decid- 
ing which  patients  to  screen  and 
when,  Dr.  Weesner  says. 

Further  research  on  the  stump- 
tailed macaques  may  provide 
some  answers.  The  disease  may 
be  familial  in  the  monkeys;  ani- 
mals with  elevated  pulmonary 
pressures  are  related  to  one  an- 
other and  have  relatives  with 
either  pulmonary  vascular 
changes  at  necropsy  or  abnormal 
echocardiograms.  A  familial  basis 
for  the  pulmonary  vascular  dis- 
ease in  humans  is  still  specula- 
tive, but  screening  family  mem- 
bers of  affected  individuals, 
using  biochemical  markers  as 
they  are  developed  or  echocardi- 
ography, may  prove  to  be  an 
effective  means  of  diagnosis  so 
that  early  therapeutic  measures 
can  be  taken. 

Biological  markers  also  may 
make  the  stumptailed  macaque 
model  useful  for  evaluating  pro- 
spective treatments  for  pulmo- 
nary hypertension,  such  as  vaso- 
dilators. A  marker  could  identify 
an  animal  with  the  disease  early 
on  and  allow  that  animal  to  be 
followed  closely.  If  the  disease 
appears  to  worsen,  vasodilators 
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Dr.  Kenneth  M.  Weesner, 
assistant  professor  in  the 
department  of  pediatrics  at  the 
Bowman-Gray  School  of 
Medicine,  studies  pulmonary 
vascular  disease  in  the 
stumptailed  macaque.  The 
disease,  a  model  of  human 
pulmonary  hypertension,  causes 
severe  medial  thickening  of 
pulmonary  arteries  (left)  and 
elevated  pulmonary  artery 
pressure.  Pulmonary  arteries  in  a 
macaque  with  normal  pulmonary 
artery  pressure  (right)  has  no 
medial  thickening. 
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Echocardiography  was  an  ef- 
fective noninvasive  method  for 
predicting  which  animals  would 
develop  primary  pulmonary  hy- 
pertension. All  of  the  eight  ani- 
mals that  had  elevated  pulmon- 
ary pressure  had  abnormal  echo- 
cardiograms. Echocardiography 
can  be  used  to  detect  pulmonary 
hypertension  in  humans,  but  be- 
cause the  disease  may  be  silent 
the  dilemma  of  which  asympto- 
matic patients  to  test  remains. 


could  be  used  and  their  effective- 
ness evaluated,  Dr.  Weesner 
believes. 

For  Additional  Information: 

To  locate  information  or  professional  contacts 
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Electron  Microscopy  and  Image  Analysis  Services 


Modern  electron  microscopy 
requires  computerized  image 
analysis,  which  enables  re- 
searchers to  fully  extract  and 
interpret  information  present  in 
micrographs.  The  newly  devel- 
oped Electron  Microscopy  and 
Image  Analysis  Laboratory  at 
the  University  of  Chicago 
houses  very  specialized  micros- 
copy equipment  and  an  exten- 
sive image  processing  software 
library  that  has  been  established 
for  studying  the  structure  and 
assembly  of  sickle  hemoglobin 
polymers. 


One  of  its  major  projects, 
clarification  of  the  pathogenesis 
of  sickle  cell  anemia,  may  have 
important  clinical  significance 
and  provide  insights  into  the 
more  general  problem  of  the  as- 
sembly of  macromolecular 
structures,  says  Dr.  Robert 
Josephs,  director  of  the  resource 
and  associate  professor  of 
molecular  genetics  and  cell  biol- 
ogy at  the  University  of  Chi- 
cago. 

The  facility,  which  is  funded 
through  the  Biomedical  Re- 
search Technology  and  Shared 


Instrumentation  Grant  Pro- 
grams of  the  NIH  Division  of 
Research  Resources  and  the 
National_JHeart,  Lung,  and 
Blood  Institute  in  Bethesda, 
Maryland,  contains  a  Philips 
CM10  electron  microscope 
equipped  with  a  Gatan  cryo- 
transfer  kit  and  an  anticon- 
tamination  device. 

The  crvotransfer  kit  allows 
specimens  to  be  mounted  under 
liquid  nitrogen  (  -  185=C)  and 
then  transferred  into  the  elec- 
tron microscope  for  examination 
at  liquid  nitrogen  temperatures. 


Or  Robert  Josephs  directs  the 
Electron  Microscopy  and  Image 
Analysis  Laboratory  at  the  Uni- 
versity ol  Chicago  The  facility 
has  focused  on  polymers  of 
sickle  cell  hemoglobins,  respon- 
sible tor  sickle  cell  anemia 


This  permits  the  study  of  frozen 
hydrated  specimens,  a  proce- 
dure that  preserves  much  of  the 
native  structure  of  the  speci- 
mens. 

Micrographs  are  analyzed  us- 
ing Microvax  II  and  Microvax  III 
computers  and  two  raster 
graphic  devices.  The  laboratory 
has  developed  a  large  package 
of  image  processing  software  to 
support  the  graphics  software. 

These  specialized  resources 
are  being  made  available  to 
trained  users  who  are  conduct- 
ing indepth  microscopy  inves- 
tigations and  occasionally  to 
untrained  users  who  may  need 
only  a  brief  specimen  analysis. 
In  either  case,  the  laboratory 
staff  is  available  to  provide  tech- 
nical services  or  to  assist  users 
in  their  research  endeavors. 

The  primary  research  focus  of 
the  laboratory  has  been  to  study 
the  structure  and  assembly  of 
polymers  of  sickle  cell  hemo- 
globin. In  this  research  electron 
microscopy  is  used  to  study  the 
structure  of  the  polymers  and 
their  modes  of  assembly.  Recent 
assembly  studies  have  involved 
rapid  freezing  in  liquid  ethane 
to  arrest  the  assembly  of  the 
polymers,  which  then  are  exam- 
ined in  the  electron  microscope. 

Sickle  cell  anemia  is  a  heredi- 
tary disease  caused  by  a  muta- 
tion in  the  globin  gene,  says  Dr. 
Josephs.  The  defective  sickle 
hemoglobin  polymerizes  to 
form  rod-like  fibers,  filling  the 
red  blood  cells  and  causing  the 
cells  to  become  rigid.  These 
rigid  blood  cells  become  lodged 
in  the  capillaries  and  impede 
the  flow  of  nutrients  to  the 
tissues,  resulting  in  the  many 
clinical  manifestations  of  the 
disease. 

A  prime  objective  of  Dr. 
Josephs'  work  is  to  advance  the 


understanding  of  how  proteins 
interact  to  form  large  structures. 
This  may  eventually  form  the 
basis  for  the  development  of 
agents  that  may  prevent  or  in- 
hibit the  sickling  process. 

Dr.  Josephs  prepares  speci- 
mens using  cryomicroscopy  in 
which  specimens  are  rapidly 
frozen  in  a  thin  layer  of  vitreous 
ice  without  disrupting  the  deli- 
cate structure.  The  specimen  is 
spread  into  a  thin  aqueous  layer 
on  a  grid  and  is  cooled  to  -160 
degrees  C,  enveloping  the 
specimen  in  a  thin  layer  of 
vitrified  ice.  To  minimize  the 
condensation  of  water  vapor 
and  impurities  on  the  specimen, 
a  super-cooled  anticontamina- 
tion  device  is  placed  near  the 
specimen. 

This  procedure  increased  the 
resolution  of  micrographs  of 
sickle  hemoglobin  polymers 
from  30  angstroms  to  15  ang- 
stroms, providing  a  far  more 
detailed  image  of  the  molecular 
structure  of  the  polymers  than 
has  been  possible  until  now. 
These  higher  resolution  data, 
taken  in  conjunction  with  the 
known  atomic  structure  of 
sickle  hemoglobin,  should  per- 
mit mapping  the  intermolecular 
contacts  that  stabilize  these 
clinically  important  structures, 
Dr.  Josephs  suggests. 

Specimens  in  the  cryoelectron 
microscope  are  subjected  to 
strong  thermal  gradients  result- 
ing in  radiative  heat  transfer. 
This  in  turn  causes  temperature 
fluctuations  that  result  in  con- 
tinuous changes  in  the  dimen- 
sions of  the  specimen  holder.  If 
this  occurs  during  photography, 
the  micrographs  appear  as 
"drifted  images."  Image  proc- 
essing helps  eliminate  the  drift 
to  achieve  a  clear  rendition  of 
the  overall  signal. 


Over  the  years,  these  proce- 
dures have  been  used  in  an  ef- 
fort to  determine  the  structure 
of  sickle  hemoglobin  fibers  and 
macrofibers.  Researchers  have 
found  that  a  fiber  contains 
seven  double  strands  twisted 
about  an  axis.  Macrofibers  con- 
tain between  20  and  several 
hundred  double  strands. 

Electron  micrographs  of  cross 
sections  of  macrofibers  reveal 
that  the  arrangement  of  the 
strands  of  hemoglobin  mole- 
cules in  macrofibers  is  the  same 
as  seen  in  micrographs  of  crys- 
tals. It  appears  that  the  transi- 
tion from  fibers  to  macrofibers 
and  crystals  involves  an  unt- 
wisting of  the  strands. 

An  understanding  of  this  dis- 
assembly process  of  the  sickle 
hemoglobin  polymers  may 
eventually  lead  to  an  under- 
standing of  similar  processes 
within  the  red  blood  cell  in 
patients  with  the  disease. 

In  addition  to  his  primary 
research  interest  using  electron 
microscopy  in  the  structure  of 
sickle  cell  polymers,  Dr.  Josephs 
is  to  conduct  a  series  of  studies 
to  determine  the  properties  of 
the  red  cell  cytoskeleton. 

A  variety  of  additional  studies 
are  being  conducted  at  the  labo- 
ratory by  visiting  scientists.  The 
cost  of  using  the  facility  varies 
from  $25  to  $100  per  hour  de- 
pending on  the  nature  of  the 
work  and  the  service  required. 


For  more  information  on  using 
the  electron  microscopy  and  im- 
age processing  facility,  contact: 
Dr.  Robert  Josephs 
Electron  Microscopy  and  Image 
Analysis  Laboratory 
920  East  58th  Street 
Chicago,  Illinois  60637 
Telephone:  (312)  702-1077 
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Two  Promising  Approaches  to  the  Treatment  of  Sickle 
Cell  Anemia 


Treatment  of  sickle  cell  anemia, 
a  genetic  disorder  that  occurs 
almost  exclusively  in  blacks  and 
affects  about  0.3  percent  of 
black  Americans,  is  currently 
limited  to  supportive  therapy 
and  management  of  complica- 
tions. Two  recently  reported 
studies  offer  promising  pos- 
sibilities for  treatment  of  this 
painful  and  debilitating  disease. 

Sickle  cell  anemia  is  charac- 
terized by  the  presence  of  an 
abnormal  hemoglobin  molecule, 
hemoglobin-S,  in  the  red  blood 
cells.  Hemoglobin-S,  which  is  a 
variant  of  the  normal  hemo- 
globin-A  molecule,  is  much  less 
soluble  than  its  normal  counter- 
part at  low  oxvgen  concentra- 
tions. When  red  cell  oxygen  is 
depleted,  hemoglobin-S  poly- 
merizes and  forms  a  fibrous  gel 
that  hardens  in  the  cell,  reduces 
its  flexibility,  and  increases  its 
fragility.  The  cell  rigidity  con- 
tributes to  the  characteristic 
sickle  shape  and  results  in  ob- 
struction of  individual  red  cell 
flow  through  the  capillaries  and 
other  minute  blood  vessels  of 
the  microcirculatory  bed.  This 
blockage  of  normal  blood  flow, 
together  with  associated  anemia 
due  to  breakage  of  the  fragile 
cells,  reduces  oxygen  supplv  to 
the  surrounding  tissues,  result- 
ing in  tissue  damage,  organ 
failure,  and  eventual  death. 

One  potential  approach  to 
sickle  cell  treatment  involves 
switching  the  body's  production 
of  red  blood  cells  from  hemo- 
globin-S to  hemoglobin-F-con- 
taining  cells.  Hemoglobin-F,  or 
fetal  hemoglobin,  is  a  normal 
hemoglobin  that  is  present  in 
the  fetus  but  is  normally  re- 
placed by  the  adult  hemoglobin- 
A  a  few  months  after  birth.  Dr. 
Thalia  Papayannopoulou  and 
her  colleagues  at  the  University 
of  Washington  in  Seattle  are 


participating  in  a  multi-institu- 
tional study  to  evaluate  the 
effects  of  erythropoietin  on  fetal 
hemoglobin  production  in  ba- 
boons. Erythropoietin  is  a  hor- 
mone that  regulates  red  cell 
production.  Results  of  this  in- 
vestigation suggest  that  erythro- 
poietin stimulates  fetal  hemo- 
globin synthesis  and  may  bene- 
fit patients  with  sickle  cell  ane- 
mia. 

Fetal  hemoglobin  production 
may  be  induced  or  reactivated 
in  adults  by  stimulating  rapid 
formation  of  red  blood  cells, 
and  a  number  of  drugs  that  act 
on  cell  development  have  been 
tested  for  their  ability  to  pro- 
duce fetal  hemoglobin-contain- 
ing red  cells,  or  F  cells,  in  an- 
imals and  sickle  cell  patients. 
After  preliminary  experiments 
to  establish  dose  levels  and 
schedules,  the  investigators 
gave  two  nonanemic  baboons 
high  intravenous  doses  of  re- 
combinant human  erythro- 
poietin at  12-hour  intervals  for  3 
days.  The  erythropoietin  caused 
a  striking  increase  in  the  pro- 
duction of  young  red  blood 
cells,  or  reticulocytes,  in  both 
animals;  increased  reticulocyte 
production  peaked  at  day  6  of 
the  experiment. 

To  assess  the  relation  oi 
erythropoietin  dose  to  F  reticu- 
locyte formation,  the  animals 
were  given  various  doses  of  the 
hormone  and  F  cell  response 
was  monitored.  The  investiga- 
tors found  that  F  cell  production 
was  directly  related  to  erythro- 
poietin dose;  the  F  reticulocyte 
level  reached  a  plateau  of  40  to 
50  percent  of  the  total  number 
oi  reticulocytes  when  higher 
doses  were  given,  compared  to 
predose  levels  of  1  to  2  percent. 

In  similar  experiments  with 
anemic  baboons,  which  already 
had  high  concentrations  of  fetal 


hemoglobin-containing  cells,  F 
reticulocyte  levels  showed  a 
twofold  to.  fourfold  increase  fol- 
lowing administration  of  eryth- 
ropoietin. These  results  suggest 
that  erythropoietin  can  increase 
F  cell  production  even  when 
red-cell  forming  processes  are 
already  stimulated. 

Dr.  Papayannopoulou,  pro- 
fessor of  medicine  in  the  divi- 
sion of  hematology,  sees  both 
basic  research  and  practical 
clinical  applications  in  these 
results.  "In  addition  to  gaining 
understanding  of  how  condi- 
tions affect  the  generation  and 
differentiation  of  red  cells,  this 
research  may  contribute  to  the 
treatment  of  sickle  cell  pa- 
tients," she  says. 

If  erythropoietin  stimulates  F 
cell  production  in  sickle  cell  dis- 
ease, treatments  spaced  1  to  2 
weeks  apart  may  eventually 
result  in  accumulation  of  F  cell- 
in  the  high  numbers  required  to 
inhibit  red  cell  sickling,  accord- 
ing to  Dr.  Papayannopoulou. 
She  estimates  that  an  F-cell 
should  contain  at  least  20  to  23 
percent  hemoglobin-F  to  be  pro- 
tected against  in  vivo  sickling 
The  hemoglobin-F  concentra- 
tion per  cell  in  her  ervthro- 
poietin-treated  baboons  ranged 
from  12  to  2r>  percent,  she  >.i\- 

Dr.  Papayannopoulou  and 
her  colleagues  are  now  prepar- 
ing to  participate  in  a  collabora- 
tive clinical  study  in  which  a 
limited  number  of  selected 
sickle  cell  patients  w  ill  undergo 
short-term  erythropoietin  treat- 
ment. "If  the  results  of  the 
short-term  trials  appear  promis- 
ing more  long-range  treatment 
trials  could  be  undertaken  she 
saj  s 

Another  promising  area  ot 
research  on  treatment  ot  sickle 
cell  anemia  involves  decreasing 
intracellular  hemo^lobin-S  con- 


centration  by  increasing  the 
intracellular  water  concentra- 
tion. 

Transport  of  sodium  and  po- 
tassium ions  across  the  red  cell 
membrane  is  controlled  by  the 
so-called  sodium-potassium 
pump.  A  proper  balance  be- 
tween intracellular  and  extra- 
cellular ion  concentrations  is 
important  for  maintaining  the 
cell  volume.  In  normal  red  cells, 
transport  of  these  electrolytes 
across  the  membrane  is  in  equi- 
librium. However,  sickled  red 
cells,  when  deprived  of  oxygen, 
show  a  net  sodium  loss  and 
potassium  gain,  which  results 
in  a  reduced  cell  volume,  a 
higher  intracellular  hemoglobin 
concentration,  increased  cell 
density,  and  increased  tendency 
to  sickling. 

Dr.  Franklin  H.  Epstein  and 
his  colleagues  at  the  Charles  A. 
Dana  Research  Institute  evalu- 
ated the  activity  of  the  sodium- 
potassium  pump  in  red  blood 
cells  from  sickle  cell  patients 
and  explored  the  relationship 
between  pump  activity  inhibi- 
tion and  cell  volume.  "Positive 
results  from  an  earlier  study  we 
did  on  the  swelling  of  sickled 
red  cells  by  lowering  serum 
sodium  led  our  team  at  Dana  to 
assess  the  importance  of  sodium- 
potassium  pump  activity  in  red 
cell  sickling,"  says  Dr.  Epstein, 
professor  of  medicine  at  the 
Beth  Israel  Hospital  and  Har- 
vard Medical  School. 

The  investigators  used  the 
cardiac  glycoside,  ouabain,  a 
drug  used  in  certain  heart  dis- 


eases, to  bind  to  cell  membrane 
components  and  inhibit  the 
sodium-potassium  pump. 

Blood  samples  were  taken 
from  12  patients  with  sickle  cell 
anemia,  6  with  sickle  cell  trait, 
and  40  white  and  10  black  con- 
trol subjects.  The  researchers 
found  that  the  ouabain  readily 
bound  to  the  red  cells  at  sodium- 
potassium  pump  receptors.  The 
amount  of  ouabain  binding  was 
significantly  higher  in  sickle  cell 
patients  than  in  controls. 

Red  cell  uptake  of  potassium 
in  the  presence  or  absence  of 
ouabain  was  estimated  by  ex- 
posing red  cells  to  radioactive 
rubidium  (Rb),  used  as  an  ana- 
log of  potassium,  and  measur- 
ing intracellular  radioactivity. 
Ouabain-sensitive,  Rb/potassi- 
um  uptake  was  significantly 
higher  in  cells  from  sickle  cell 
patients  than  in  controls.  These 
results  indicate  that  sickle  cell 
patients  have  greater  sodium- 
potassium  pump  activity.  When 
sickle  cells  were  deprived  of 
oxygen,  oubain-sensitive  Rb/ 
potassium  uptake  was  magni- 
fied, indicating  increased  pump 
activity  associated  with  the  sick- 
ling process. 

In  red  cell  density  distribution 
experiments,  oxygen-deprived 
red  blood  cells  from  sickle  cell 
patients  exhibited  a  wider  range 
of  densities  than  that  of  con- 
trols, with  more  high-density 
cells  being  sickled  cells  and 
more  low-density  cells  being 
young  red  cells.  Adding  oua- 
bain reduced  the  percentage  of 
high  density  red  cells,  probably 


by  increasing  intracellular  water 
concentration,  according  to  Dr. 
Epstein. 

Intracellular  hemoglobin  con- 
centration was  measured  in 
sickled  red  cells  before  and  after 
oxygen  deprivation;  hemo- 
globin concentration  was  in- 
creased by  5.5  percent  in  oxygen- 
deprived  sickle  cells,  reflecting 
an  association  of  cell  shrinkage 
and  sickling.  Ouabain  prevented 
this  increased  hemoglobin  con- 
centration in  the  sickle  cell  but 
had  no  effect  on  control  red  cell 
hemoglobin  concentration. 

According  to  Dr.  Epstein, 
these  results  suggest  that  inhibit- 
ing sodium-potassium  pump 
activity  with  cardiac  glycosides 
might  be  useful  in  sickle  cell 
patients  by  causing  red  cell  swell- 
ing and  thereby  reducing  the 
intracellular  concentration  of 
deoxyhemoglobin  S. 

"The  next  step,"  says  Dr. 
Epstein,  "is  human  clinical  trials, 
and  we  have  begun  some  prelim- 
inary clinical  studies  to  assess  the 
impact  of  cardiac  glycosides  on 
the  exercise  tolerance  of  sickle 
cell  patients."  Since  high  levels 
of  sickled  red  cells  would  be 
expected  to  increase  fatigue  by 
limiting  the  amount  of  oxygen 
supplied  to  muscle,  Dr.  Epstein 
and  his  colleagues  are  measuring 
treadmill  exercise  times  and 
monitoring  muscle  oxygen  sup- 
ply before  and  after  administra- 
tion of  cardiac  glycosides.  "Early 
results  show  some  promise,  but 
much  more  needs  to  be  done," 
he  says. 


For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
1601  Research  Boulevard 
Rockville,  MD  20850 
GOD  984-2870 
Refer  to  Volume  XII,  No.  11/TN 
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National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Low-Cost  System  for  Enzyme  Extractions 


Realizing  the  full  potential  of  biotechnology  will  depend  on  a  large  degree 
on  developing  methods  for  purifying  the  biological  products,  a  process  which 
can  represent  up  to  90  percent  of  the  cost  of  final  products.     NIST's  Center 
for  Chemical  Engineering  has  found  that  several  low-cost  maltodextrin 
starches  can  be  used  (instead  of  dextran)  with  polyethylene  glycol  (PEG) 
to  form  two  liquid  phases  in  aqueous  solution,  making  large-scale  aqueous 
extraction  of  enzymes  commercially  feasible.     Maltodextrins  are  available 
at  $0.77/kg  versus  $130/kg  for  crude  dextran— about  170  times  cheaper. 
The  maltodextrin  polymer  exhibits  low  viscosities  and  high  protein  solu- 
bilities.    In  affinity  extraction  tests  using  Cibacron  blue  attached  to  the 
PEG  to  separate  alcohol  dehydrogenase  (ADH)  from  a  crude  yeast  enzyme 
extract,  the  new  technique  showed  partition  coefficients  greater  than  15 
into  the  upper  PEG  phase,  with  most  of  the  other  proteins  remaining  in 
the  bottom  phase. 

FOR  ADDITIONAL  INFORMATION:     A  paper  describing  this  work  and  pro- 
viding an  economic  comparison  with  the  PEG-dextran  system  is  being  pre- 
pared for  publication.     Preprints  are  available  from  Dave  Szlag,  Division 
773.10,  NIST,  Boulder,  CO  80303. 
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National  Aeronautics  and 
Space  Administration 


Solar  Refrigerator/ 
Freezers  for  Vaccines 

Photovoltaic  systems 
store  vaccines  in  remote 
regions  where  powerlines 
are  unavailable. 

A  report  presents  the  results  of  field 
tests  of  solar-cell-powered  refrigerator/ 
freezers  for  vaccines.  The  refrigerator/ 
freezers  were  developed  to  bring  the  bene- 
fits of  vaccination  to  developing  countries 
so  that  such  diseases  as  poliomyelitis, 
diphtheria,  and  measles  can  be  controlled 
or  eradicated. 

To  remain  potent,  most  vaccines  must 
be  maintained  at  temperatures  between  0 
and  8  °C.  For  the  more-sensitive  polio  and 
measles  vaccines,  a  temperature  of 
-20°C  is  recommended  for  extended 
storage.  The  solar-powered  refrigerators 
would  ensure  the  proper  storage  tempera- 
tures in  places  where  electricity  is  unre- 
liable or  unavailable.  They  would  replace 
kerosene-fueled  units,  which  offer  poor 
temperature  control,  need  frequent  main- 
tenance, and  rely  on  a  fuel  that  is  often 
costly,  in  short  supply,  and  of  questionable 
quality. 

The  report  covers  the  following  topics: 

•  An  explanation  of  the  project; 
•Descriptions  of  the  refrigerator/freezer 

systems; 

•  An  account  of  inrtallation  experiences; 

•  Performance  data  for  the  22  systems  for 


which  field-test  data  were  reported; 

•  A  summary  of  operational  reliability; 

•  Comments  of  users  of  some  of  the  sys- 
tems tested;  and 

•  Recommendations  for  design  and  future 
use. 

A  solar-powered  vaccine  refrigerator/ 
freezer  system  consists  of  a  12-volt  photo- 
voltaic array,  a  power  cable  from  the  array 
to  the  refrigerator/freezer,  one  or  more 
voltage  regulators,  batteries,  the  refrigera- 
tor/freezer unit,  and,  for  the  field  tests, 
instrumentation.  The  systems  were  de- 
signed for  fully  automatic  operation  and 
minimum  maintenance:  it  is  necessary 
only  to  wash  the  photovoltaic  modules 
when  they  are  dirty  and  to  remove  frost 
from  the  evaporator  plate  in  the  freezer 
compartment  of  the  refrigerator  freezer. 
Spare  parts,  toolkits,  and  user  manuals 
were  supplied  to  each  field-test  site.  The 
sites  were  in  Latin  America,  the  Caribbean, 
Africa,  the  Near  East,  and  other  Asian 
countries. 

The  systems  had  a  high  level  of  reliabili- 
ty. Over  a  33-month  period,  the  reporting 
sites  accumulated  488  system-months  of 
operation  and  were  in  service  83.6  percent 


of  the  time.  The  refrigerator  compartments 
were  within  the  recommended  tempera- 
ture range  80  percent  of  the  time;  opera- 
tor-induced causes  contributed  to  much  of 
the  time  out  of  range.  There  were  no  fail- 
ures of  photovoltaic  modules  or  refrigera- 
tor compressors  and  only  a  few  failures  of 
other  components.  The  chief  problems 
were  the  need  for  initial  training  for  both 
users  and  technicians,  for  reinforcement 
training,  and  for  training  of  replacement 
users  and  technicians. 

This  work  was  done  by  Anthony  F. 
Ratajczak  of  Lewis  Research  Center. 
Further  information  may  be  found  in  NASA 
TM-86972  (Revised)  [N86-11666/NSP], 
"Photovoltaic-Powered  Vaccine  Refrigera- 
tor-Freezer Systems  Field  Test  Results," 
and  NASA  TM-88830  [N87-18230/NSP], 
[price  code:  A04]  "User  Evaluation  of 
Photovoltaic-Powered  Vaccine  Refrigerator/ 
Freezer  Systems." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LEW-14549/TN 
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Testing  &  Instrumentation 

0321  Atmospheric  Testing  System  for  Solar  Mea  ?urements 

0322  Collecting  Hypervelocity  Particles  Intact — Particles  are  stopped  in  soft 
materials 


Other  Items  of  Interest 

0248     Digital  Technique  for  Constructing  Variable-Width  Lines  (Licensing 
Opportunity) 


Technology  Application 


Solar  Energy  Research  Institute 


Atmospheric  Testing  System  for  Solar  Measurements 


A  new  instrument  developed  at  SERI 
is  improving  the  way  that  scientists  study 
sunlight.  Along  with  direct  measurement 
of  sunlight,  it  records  the  constantly 
changing  conditions  that  affect  sunlight 
reaching  Earth,  such  as  the  turbidity  of 
the  air  (the  amount  of  dust  and  haze) 
and  the  amount  of  water  vapor  in  the  air 
(humidity). 

The  instrument,  called  an  Atmos- 
pheric Optical  Calibration  System 
(AOCS),  combines  several  separate  in- 
struments into  one  compact  measuring 
system,  all  tied  together  by  a  microcom- 
puter. With  a  price  tag  that  should  be 
significantly  lower  than  the  individual  in- 
struments it  replaces,  researchers  can 
easily  transport  the  AOCS  to  a  wide 
variety  of  locations  for  measurements. 


The  first  use  of  the  AOCS  will  be  to 
help  design  better  solar  cells,  thin  layers 
of  semiconductor  materials  that  convert 
sunlight  directly  to  electricity.  Knowing 
the  exact  atmospheric  conditions  and 
spectrum  of  the  sun  is  important  for  get- 
ting the  best  performance  data  for  solar 
cells.  Other  applications  are  waiting. 
Measurements  of  sunlight  and  the  con- 
ditions of  the  atmosphere  are  important 
for  research  into  air  pollution  and  climate 
changes,  as  well  as  studies  of  solar 
energy. 

Rights  for  commercialization  have 
been  assigned  to  the  for-profit  subsidiary 
of  Midwest  Research  Institute,  MRI  Ven- 
tures, Inc.  Bob  Muir,  president,  MRI 
Ventures,  is  seeking  worldwide  licenses 
to  develop  what  he  calls  an  "exciting 
breakthrough  in  the  field  of  atmospheric 
sciences." 

Contact:     Roland  Hulstrom 
(303)  231-1220 


The  AOCS  is  an  easily  transportable 
microprocessor-controlled  instrument  for 
recording  atmospheric  optical  conditions  and 
sunlight. 


For  Additional  Information: 

Mr.  Dana  Moran 

Research  &  Technology  Application 

Solar  Energy  Research  Institute 

1617  Cole  Boulevard 

Goldon,  CO  80401-3393 

(303)  231-7115 

Refer  to  Volume  X,  Number  3/TN 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Collecting  Hypervelocity  Particles  Intact 

Particles  are  stopped  in  soft  materials. 


Experiments  have  been  conducted  re- 
cently to  develop  targets  that  will  capture 
micrometeorites,  dust,  and  other  small 
particles  in  outer  space  traveling  at  speeds 
of  several  kilometers  per  second.  A  princi- 
pal criterion  for  such  a  target  is  that  it  must 
stop  the  particles  while  preserving  their 
mineralogical  properties  for  subsequent 
analysis.  This  target  technology  may  also 
be  useful  in  terrestrial  studies  of  debris 
from  explosions. 

The  collection  concept  is  simple:  a  foam 


or  other  underdense  medium  is  used  to  re- 
move the  kinetic  energy  gently  from  an  im- 
pinging particle.  A  well-designed  collector 
decelerates  and  stops  a  particle  without 
imposing  stresses  beyond  the  critical 
stresses  that  damage  the  particle  thermal- 
ly or  mechanically. 

In  experiments,  open-  and  closed-cell 
polymer  foams  ranging  in  density  from  9  to 
528  mg/cm3  were  used  to  stop  projectiles. 
Some  targets  had  uniform  densities; 
others  had  combinations  of  densities.  Fi- 


brous materials  with  densities  from  36  to 
430  mg/cm3  and  multiple  layers  of  thin  or- 
ganic films  were  also  tested  as  targets. 

The  projectiles  mostly  were  polished 
aluminum  spheres  1.5  to  3.2  mm  in  diame- 
ter, fired  from  two-stage  light-gas  guns  at 
speeds  of  1  to  7.9  km/s.  Projectiles  made 
of  various  combinations  of  natural  and  syn- 
thetic materials  resembling  dusts  found  in 
outer  space  were  also  tested.  Afew  experi- 
ments were  also  conducted  with  100-nm 
glass  spheres  traveling  at  speeds  of  8  to 


o 


Sheared 
Section 


Burned 
Section 


The  Hole  Made  by  a  Projectile  widens,  then  narrows  along  the  direction  of  travel.  The  burned  section  is  marked  with  black  residues  from 
pyrolysis  or  melting. 


12  km/s. 

Of  the  materials  tested,  polymer  foams 
proved  best  for  stopping  projectiles  intact 
(or  with  minimal  loss  of  projectile  material) 
at  speeds  around  6  km/s.  Fibrous  materi- 
als tend  to  break  up  the  projectiles. 

A  typical  track  made  by  a  stopped  pro- 
jectile is  shaped  like  a  carrot  (see  figure). 
The  diameter  of  the  entry  hole  is  typically 


one  to  three  times  that  of  the  projectile.  The 
hole  widens  inward  for  a  short  distance  to  a 
maximum  diameter  roughly  proportional  to 
the  speed  at  impact.  For  a  given  speed,  the 
maximum  diameter  increases  and  the 
stopping  distance  decreases  with  the  den- 
sity of  the  foam. 

The  ratio  of  captured  projectile  mass  to 
original  projectile  mass  decreases  with  in- 


creasing speed.  For  3.2-mm  aluminum 
projectiles  impinging  on  polystyrene  foam 
of  16-mg/cm3  density,  this  ratio  is  0.83  at 
6.3  km/s;  for  2.0-mm  projectiles  impinging 
at  7.9  km/s,  the  ratio  is  0.60. 

This  work  was  done  by  Peter  Tsou  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-16358/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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0323  Ultra  High  Vacuum  Linear  Actuator 

0324  Interim  Protocol  for  Measuring  Hydrolysis  Rate  Constants  in  Aqueous 
Solutions 

0325  Process  for  Making  Phase  Holograms  (Licensing  Opportunity) 
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Technology  Application 


Brookhaven  National  Laboratory 


Ultra  High  Vacuum  Linear  Actuator 


This  instrument  provides  a  computer  controlled  linear  motion  inside  an  Ultra  High 
Vacuum  (UHV)  enclosure.     However,  all  the  mechanical  and  electrical  parts  are 
located  outside  the  vacuum  enclosure,  and  the  motion  is  transferred  through  an 
appropriate  set  of  welded  bellows  and  a  vacuum  flange  to  the  inside.     The  prime 
mover  in  all  this  is  a  reworked  stepping  motor,  which  allows  the  instrument  to 
be  computer  controlled. 

The  rotary  motion  of  the  motor  is  changed  into  a  linear  motion  by  introducing 
a  "spindle  nut"  rotor.     In  this  rotor,  a  hollow  central  shaft  replaces  the  original 
solid  shaft.     Screw  threads  are  tapped  in  the  hollow  shaft  to  form  a  nut.     The 
result  is  that  we  now  have  a  stepping  motor  driven  rotating  nut,  which  will 
move  a  suitable  non-rotating  threaded  shaft  in  or  out  through  the  nut,  exactly 
as  needed  for  a  linear  movement.     The  vacuum  force  on  the  bellows  removes 
any  backflash. 

For  precision  guidance  of  this  motion,  the  threaded  shaft  is  equipeed  with  a 
ballbearing  carriage  that  rides  up  and  down  the  inside  of  a  honed  stainless 
steel  tube.     The  interference  fit  between  this  carriage  and  the  tube  ID  also 
prevents  the  threaded  shaft  from  turning  on  its  own  centerline.     The  stainless 
steel  tube  provides  support  for  the  motor,  and  at  the  same  time,  acts  as  a 
thermal  break  between  the  vacuum  system  and  the  motor.     This  feature  prevents 
overheating  of  the  electrical  and  mechanical  system  when  the  vacuum  enclosure 
is  being  baked. 

The  hollow  shaft  of  the  spindle  nut  rotor  is  carried  through  the  motor  end  bell 
to  provide  a  convenient  place  to  attach  an  encoder  or  similar  device  to  record 
the  motor  steps.     In  this  model  we  attached  a  simple  engraved  drum  dial. 

Two  micro  switches  control  the  extremes  of  the  stroke  in  a  novel  way.     A  control 
rod,  which  passes  through  the  hollow  shaft,  operates  the  switches.     This  way  it 
adds  very  little  to  the  overall  length  of  the  device,  keeps  the  wiring  short,  and 
makes  inspection  easy.     The  switches  are  manually  operable  from  the  outside  as 
well. 

A  removable  dust  cover  keeps  foreign  material  out  of  the  system. 

The  problem  that  this  technology  addresses  is  that  this  instrument  provides  a 
computer  controlled  linear  motion  inside  an  Ultra  High  Vacuum  container  and 
can  precisely  place  samples,  or  other  objects,   in  a  predetermined  area.     Scanning 
over  the  length  of  the  stroke  is  also  possible. 
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The  advantages  of  this  instrument  is  that  it  is  direct  driven  and  does  not  use  any 
gears,  belts  or  other  transmission  items.     No  moving  parts  are  exposed  and  it 
has  a  computer  controlled  stepping  motor,  precise  backlash  free  motion  and  1 
micron  per  step  resolution. 

Potential  Applications/Spinout  Uses    -  The  National  Synchrotron  Light  Source 
(NSLS)  uses  it  for  the  positioning  of  optical  elements  in  photon  and  other  radia- 
tion type  beamlines. 

Literature  -  T.  Oversluizen,  "Uhv  Linear  Actuators  for  NSLS  Beam  Lines," 
Pergamon  Journals  Ltd.,  Vacuum,  Vol.  38,  #1,  pp  27-30,   1988. 

Contact  for  Additional  Information  -  Dr.  William  Marcuse,  Head,  Office  of 
Research  and  Technology  Applications,  Bldg.  475-B,  Brookhaven  National 
Laboratory,  Upton,  NY   11973,  Commercial  (516)  282-2103,  FTS-666-2103. 
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Research  and  Development 


SEPA        Project  Summary 


Interim  Protocol  for  Measuring  Hydrolysis  Rate 
Constants  in  Aqueous  Solutions 


A  detailed  protocol  was  developed  to 
measure  first-  and  second-order 
hydrolysis  rate  constants  for  organic 
chemicals  for  use  in  predicting  persis- 
tence in  aquatic  systems.  The  protocol 
delineates  theoretical  considerations, 
laboratory  experiments,  and  calculation 
procedures.  Repetitive  application  of  the 
protocol  to  measure  hydrolysis  rate  con- 
stants for  four  standard  reference  com- 
pounds over  a  period  of  2  years  yielded 
coefficients  of  variation  of  less  than  12% 
in  the  measurements. 

This  Project  Summary  was  developed 
by  EPA's  Environmental  Research 
Laboratory,  Athens,  GA,  to  announce  key 
findings  of  the  research  project  that  is 
fully  documented  in  a  separate  report  of 
the  same  title  (see  Project  Report  order- 
ing information  at  back). 

Introduction 

Under  the  Toxic  Substances  Control  Act 
(PL  94-469)  of  1976  Office  of  Toxic 
Substances  (OTS)  screens  new  chemicals 
proposed  for  manufacture  and  reviews  the 
safety  of  existing  chemicals  already  on  the 
market.  To  assess  potential  risk  to  human 
health  and  the  environment,  OTS  must 
evaluate  both  effects  and  exposure  poten- 
tial. Transport  and  transformation 
characteristics  in  ambient  environments  are 
major  considerations  in  assessing  poten- 
tial r.xposure.  Essential  to  transport  and 
'ransformation  assessments  are  physical 
and  chemical  data  that  permit  estimation 
of  chemical  fate  either  by  use  of 
mathematical  models  or  other  techniques. 
To  obtain  necessary  data,  OTS  either  re- 
quests information  from  manufacturers  or 
estimates  values  by  comparing  the  subject 
chemical  to  analogous  chemicals  whose 
properties  are  known.  In  either  case, 
reliable  data  are  necessary.  A  major 
transformation  process  for  many  chemicals 
is  chemical  hydrolysis;  therefore, 
measurements  of  hydrolysis  rate  constants 
are  often  required. 

In  the  measurement  of  hydrolysis  rate 
constants,  some  means  are  needed  to  en- 
sure that  the  measurements  are  reliable 
and  reproducible.  Suggested  laboratory 


protocols  for  measuring  hydrolysis  as  c 
function  of  pH  and  temperature  have  been 
published;  however,  these  previously 
published  protocols  fail  to  specify  some  of 
the  step-wise  procedures  in  sufficient  detail 
to  reproducibility  of  measurements  made 
by  different  investigators.  This  report,  on  the 
other  hand,  provides  specific  guidance  in 
a  protocol  for  deriving  hydrolysis  rate  con- 
stants for  use  in  mathematical  models  to 
predict  the  fate  of  chemicals  in  aquatic 
systems.  The  protocol  has  evolved  over  the 
past  several  years  at  the  Environmental 
Research  Laboratory,  Athens,  GA,  and  has 
been  found  to  provide  reproducible  rate 
constants  as  a  function  of  pH  and 
temperature. 

Treatment  of  Results 

An  observed  rate  constant  (kh)  for  the 
pH  3,  7,  and  11  runs  is  calculated  by  the  ap- 
propriate method  described  in  the  Appen- 
dices (G-1,  G-2,  H,  or  I).  At  constant 
temperature,  the  kh  values  for  pHs  3  and 
11  are  compared  to  the  value  calculated  at 
pH  7  for  evidence  of  H  +  or  OH"  enhance- 
ment of  rates.  If  the  observed  rates  are 
within  experimental  error,  hydrolysis  is  con- 
sidered to  be  independent  of  pH  in  the 
range  3  to  11  and  Level  III  experiments  are 
conducted  at  pH  7.  The  rate  studies  at  pH 
7  should  be  conducted  at  two  or  more 
temperatures  to  allow  calculation  of  the  ac- 
tivation energy  (Ea)  and  collision  frequen- 
cy (A)  by  the  method  outlined  in  Appendix 
J. 

If  kh  at  pHs  3  and  11  are  greater  than  ex- 
perimental error  from  the  ^H  7  rate,  then 
second-order  rate  constants  (kA  and  ke) 
can  be  calculated  from  each  first-order  rate 
constant  at  each  temperature  by  dividing 
the  measured  kh  at  the  particular  pH  by 
the  hydronium  ion  activity  (kA,  pH  3)  or 
hydroxide  ion  activity  (ke,  pH  11).  This 
calculation  assumes  hydrolysis  at  pHs  3 
and  11  are  second-order  reactions  (first- 
order  in  compound  and  first-order  in 
hydronium  or  hydroxide  ..  ctivity).  The  effect 
of  temperature  on  KA  is  taken  into  account 
when  using  equation  5  to  calculate  hydrox- 
ide ion  activity. 


The  results  of  the  screening  tests  are  us- 
ed to  estimate  the  hydroysis  rate  at  other 
pH  values  and  are  used  to  determine  the 
pHs  and  temperatures  for  the  Level  III 
hydrolysis  rate  determinations.  Assuming 
that  the  kh  values  at  pH  3  and  11  are  due 
solely  to  acid  catalyzed  and  base  mediated 
reactions,  the  value  of  kh  will  decrease  by 
a  factor  of  10  for  every  change  of  pH  unit 
toward  neutrality,  and  vary  approximately 
by  a  factor  of  10  for  each  20°C  change  in 
temperature  (Ea  =  84  kJ/mol). 

Under  ideal  conditions  the  Level  III 
hydrolysis  studies  are  conducted  at  ihree 
temperatures  (separated  by  20°C)  and 
three  pHs  3,  7,  and  11.  Values  of  kA,  ku, 


and  ke  are  calculated  at  each  temperature. 
Regression  analysis  on  the  three  sets  of 
three  constants  at  three  temperatures 
yields  values  for  Ea,  En,  Eb,  log  AA,  log 
An,  and  log  Ab.  These  values  of  E  and  A 
can  be  used  to  calculate  values  of  kx  (X  = 
A,  N,  B)  at  temperatures  of  interest.  The 
calculated  kx  values  at  a  particular 
temperature  are  used  to  calculate  kh  at  a 
chosen  pH  (Kw  at  the  particular 
temperature  used  when  calculating  [OH]. 
Values  of  A  and  E  for  each  process  can  be 
estimated  by  plotting  log  kx  versus  1/T  (Ar- 
rhenius  plot)  and  taking  the  best  straight 
line  through  the  data  points.  Slope  will 
equal  -E/2.303R  with  intercept  of  log  A.  A 
two-point  Arrhenius  plot  can  be  used  when 
rate  data  are  available  at  two  or  more 
temperatures. 

Conditions: 

pH  3.7.  11 

85  Degrees  C 


40-90% 


Repeat  Run  Using 
Lower  Temperature 


Pull  1(2)  at  +2  hrs 
Pull  1(3)  -  1(5)  at 
—    1  hr  Intervals 


>90% 


Pull  1(2)  at +1  Day 


\ 


Analyze  1(0)  -  1(5) 


40-90% 


Repeat  -  Pull 
_   2  Samples  per  Day 


Pull  1(3)  -  1(5)  at 
1  Day  Intervals 


>90% 


Pull  1(3)  -  1(5) 
at  3  Day  Intervals 


u 


* 


'     Analyze  1(0)  -  1(5) 


Analyze  1(0)  -  1(5) 


Figure   1. 


Screening  test  decision  tree 


The  EPA  authors  J.  Jackson  Ellington  (also  the  EPA  Project  Officer,  see  below), 
and  Frank  E.  Standi.  Jr..  are  with  the  Environmental  Research  Laboratory. 
Athens.  GA  3061 3:  William  D  Payne  and  Cheryl  Trusty  are  with  Technology 
Applications.  Inc..  Athens  GA  30613. 
The  complete  report,  entitled  "Interim  Protocol  lor  Measuring  Hydrolysis  Rate 
Constants  in  Aqueous  Solutions."  (Order  No    PB  88-225  08UAS:  Cost 
SI 4  95.  subject  to  change)  will  be  available  only  from 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springtield.  V A  22161 
Telephone   703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at 
Environmental  Research  Laboratory 
U  S  Environmental  Protection  Agency 
College  Station  Road 
Athens.  GA  30613 


U.S.  Army  Corps  of  Engineers      ojffSK 

Engineer  Topographic  Laboratories 

Fort  Belvoir,  VA  22060-5546 


Process  for  Making  Phase  Holograms 


In  the  1970s,  optics,  lasers,  holographic 
laboratories  and  associated  technology 
were  integral  to  the  work  of  a  small  group 
of  USAETL  researchers.  James  W. 
Gladden  became  part  of  this  group  after 
being  introduced  to  this  segment  of 
USAETL's  mission. 

He  quickly  became  interested  in 
holography,  the  process  of  making  a  3-D 
picture  on  photosensitive  films  or  plates 
using  laser  light.  Gladden  began  studying 
photosensitive  recording  materials  as  well 
as  processes  for  making  phase  holograms. 
A  hologram  can  be  a  thin,  flat  piece  of 
film  or  plastic  —  the  3-D,  reflective,  silver 
image  found  on  some  credit  cards,  for 
example,  to  prevent  them  from  being 
duplicated. 

USAETL's  research  in  this  area  was 
geared  primarily  toward  preparing  plane 
wave  gratings,  a  type  of  holographic 
optical  element  used  to  study  the 
holographic  properties  of  different 
recording  materials.  Researchers  studied 
the  process  of  making  these  gratings  on 
glass  plates  containing  different  gelatin 
emulsions. 

During  his  early  work  with  holography, 
Gladden  observed  that  one  of  the 
researchers  was  using  a  photographic 
recording  material  and  process  that 
reduced  light  scattering  in  holographic 
optical  elements.  Gladden  deduced  that 
this  particular  recording  material  and 
process  used  a  dichromate  bleach  that 
cross-linked  gelatin  in  the  immediate  area 
of  the  silver-metal  image.  He  quickly 
demonstrated  this  in  the  laboratory. 

Gladden  modified  this  technology  in  his 
silver  halide  (sensitized)  gelatin  process 
by  using  a  non-tanning  developer  which 
does  not  cross-link  the  gelatin  and  a 
dichromate  bleach  that  does.  The  result 
was  Gladden's  invention,  a  Process  for 
Making  Phase  Holograms,  which 
removes  all  silver  metal  and  silver  halide 
from  the  gelatin  emulsion  and  is 
essentially  free  of  light  scattering  or 
noise. 


The  most  important  aspect  of  the 
recording  material  is  that  it  has 
sensitivity  throughout  the  visible  light, 
near  infrared  and  ultraviolet  regions  of 
the  spectrum.  Until  this  gelatin  process 
was  invented,  gelatin-based  recording 
materials  did  not  have  a  spectral 
sensitivity  of  this  broad  range.  This  fact 
gave  silver  halide  (sensitized)  gelatin 
notable  attention  within  the  holographic 
community. 

Applications  to  government 
and  industry 

Gladden's  technology  is  available  to 
anyone  in  the  holographic  community, 
particularly  those  involved  in  making 
holographic  optical  elements.  One 
application  of  this  type  of  element  is  in 
holographic  scanners  which  are  being 
used  in  grocery  stores  to  scan  and  detect 
the  bar  code  on  an  item.  Holographic 
optical  elements  also  are  important  in  the 
design  of  optical  systems  because  they 
are  lightweight  and  inexpensive.  They 
can  be  used  in  periscopes,  for  example, 
and  in  other  aiming  devices. 

There  have  been  significant  improve- 
ments to  silver  halide  (sensitized)  gelatin 
since  its  invention,  opening  doors  to  other 
possible  applications.  The  technology 
could  play  a  role  in  manufacturing  head- 
up  displays.  These  are  a  type  of  hologram 
that  can  be  built  into  a  window.  A  display 
of  this  type  could  be  placed  in  aircraft 
cockpits  to  enable  pilots  to  line  up  aircraft 
with  the  landing  field.  Its  potential 
application  in  the  military  community 
could  be  in  guiding  aircraft  during  battle 
situations. 

The  military  already  has  used  holo- 
grams   for    nondestructive    testing    of 
materials.  By  using  a  hologram  to  test  an 
object  for  flaws,  materials  need  not  be 
unnecessarily    destroyed.    This    has 
resulted  in  money  savings. 
For  Additional  Information: 
To  discuss  this  effort  further,  contact: 
George  Simcox 

U.S.  Army  Engineer  Topographic  Laboratories 
Fort  Belvoir,  VA  22060-5546 
(202)  355-2629 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Chemical  Thermodynamics  Database  Available  Online 


The  computerized  version  of  the  NBS  Tables  of  Chemical  Thermodynamic 
Properties  now  is  available  worldwide  to  subscribers  of  STN  International 
(Scientific  and  Technical  Network).    The  numerical  data  in  the  new  file 
provides  researchers  in  chemistry,  physics,  and  manufacturing,  and  environ- 
mentalists with  rapid  access  to  evaluated  data  on  more  than  15,000  inor- 
ganic substances.     A  complete  description  of  the  chemical  system  is  given 
with  values  of  six  thermodynamic  properties:    enthalpy  of  formation, 
Gibbs  energy  of  formation,  heat  capacity  and  entropy  at  298.15  kelvin, 
enthalpy  differences  between  298.15  and  0  kelvin,  and  the  enthalpy  of 
formation  at  0  kelvin.     This  is  the  sencond  NIST  database  to  be  offered 
online  through  STN,  a  retrieval  service  jointly  offered  by  the  American 
Chemical  Society,  the  Fachinformationszentrum  Karlsruhe  (FIZ  Karlsruhe, 
West  Germany),  and  the  Japan  Information  Center  of  Science  and 
Technology. 

FOR  ADDITIONAL  INFORMATION:  For  information  on  the  availability 
of  the  database  through  STN,  contact  the  Office  of  Standard  Reference 
Data,  A323  Physics  Bldg.,  NIST,  Gaithersburg,  MD  20899;  (301)  975-2208. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Publication  Explains  Time  and  Frequency  Service 


Users  of  NIST's  time  and  frequency  dissemination  and  calibration  services  will 
be  interested  in  a  recent  publication  GOES  Satellite  Time  Code  Dissemination: 
Description  and  Operation  (NBS  SP250-30).     It  describes  the  GOES  (Geostationary 
Operational  Environmental  Satellite)  time  code  dissemination  system  operated 
by  NIST  to  provide  time  and  frequency  users  with  a  reference  signal  traceable 
to  NIST  for  calibration  and  timekeeping  applications.     The  document  discusses 
the  various  subsystems  to  generate,  monitor,  and  verify  the  timing  signals  at 
Boulder  and  Fort  Collins,  Colo.,  and  Wallops  Island,  Va.     Operational  procedures, 
uncertainties,  and  transmission  and  reception  are  described. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     PB88-1 68760 

Price  code:     A04 
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(WNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Centrif ugation  Would  Purify  Mercuric  Iodide 

Vapor-deposition,  solution,  and  melting/freezing  methods  are  proposed. 


Three  proposed  techniques  for  the  puri- 
fication of  Hgl2  involve  centrifugation. 
Hgl2,  which  is  used  in  x-ray  and  y-ray  de- 
tectors, deteriorates  gradually  and  exhibits 
less-than-optimum  energy  resolution; 
these  deficiencies  have  been  attributed  in 
part  to  impurities,  including  deviations  from 
stoichiometry. 

In  one  technique  for  purification  (see 
figure),  impure  Hgl2  would  be  sublimated 
at  the  inner  end  of  a  centrifuge  tube.  When 
the  temperature  is  adjusted  to  give  suffi- 
cient vapor  pressure,  the  Hgl2and  the  im- 
purities would  both  be  vaporized,  but  the 
heavier  Hgl2molecules  would  be  preferen- 
tially sedimented  at  the  outer  end  by  the 
centrifugal  force.  When  the  vapor  pressure 
of  the  Hgl2  at  the  outer  end  exceeds  the 
equilibrium  value,  a  crystal  of  Hgl2  would 
start  to  grow  there.  Because  the  lower- 
molecular-weight  impurities  would  be  con- 
centrated by  pressure  equilibrium  at  the  in- 
ner end,  the  recrystallizedHgl2at  the  outer 
end  would  be  purified  considerably. 

In  the  second  technique,  a  saturated 
solution  of  Hgl2  in  dimethyl  sulfoxide  would 
be  centrifuged  at  a  temperature  somewhat 
above  the  saturation  temperature.  A  crys- 
tal of  Hgl2  would  grow  at  the  outer  end  of 
the  centrifuge  tube,  and  the  lower-molecu- 
lar-weight impurities  would  remain  in  solu- 
tion. 


Centrifugal  Field 


SEGREGATION  OF  HEAVY  VAPOR  MOLECULES  (LARGE  DOTS) 
IN  A  CENTRIFUGAL  FIELD 


Centrifugal  Field 


Purified  Hgl2 
Crystal 


Impure 
Hgl2' 
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PURIFICATION  AND  GROWTH  OF  MERCURIC  IODIDE 
BY  SUBLIMATION  IN  A  CENTRIFUGAL  FIELD 


In  a  Centrifuge  Tube,  the  heavy  molecules  of  Hgl2  would  settle  at  the  outer  end  In  preference 
to  the  lighter  Impurity  molecules. 


In  the  third  technique,  molten  mercuric 
iodide  would  be  centrifuged  until  the  im- 
purities are  concentrated  at  the  inner  end, 
then  cooled  while  centrifugation  continues 
to  freeze  the  material  in  place.  The  purified 
material  would  be  cut  from  the  outer  end. 


This  work  was  done  by  Paul  J.  Shlichta 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

NP0-16737/TN 
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Diffusion  Analysis  of 
Hydrogen-Desorption 
Measurements 

The  distribution  of  hydrogen 
in  the  metal  explains  the 
observed  desorption  rate. 


A  report  describes  the  application  of  dif- 
fusion theory  to  the  analysis  of  experimen- 
tal data  on  the  uptake  and  elimination  of 
hydrogen  in  high-strength  alloys  at  25  °C; 
this  study  is  part  of  a  program  aimed  at 
understanding  the  embrittlement  of  metals 
by  hydrogen.  Two  nickel-base  alloys  — 
Rene  41  and  Waspaloy — and  one  ferrous 
alloy  —  4340  steel  —  were  studied.  The 
desorption  of  hydrogen  (measured  in 
coulombs  of  H2desorbed  as  a  function  of 
time)  is  explained  by  the  distribution  of  hy- 
drogen in  the  metal;  the  "fast"  hydrogen  is 
apparently  not  due  to  the  formation  of  hy- 
drides on  and  below  the  surface,  as  had 
been  proposed. 

A  theoretical  section  in  the  report  re- 
views the  diffusion  equations  governing 
the  absorption  and  desorption  of  hydrogen. 
Solutions  of  the  Fick  law  for  diffusion  along 
one  dimension  are  employed  for  flat  sam- 
ples. The  report  also  shows  how  the  distri- 
bution of  hydrogen  in  the  sample  can  be 
determined  by  fitting  theoretical  curves  for 
nonuniform  or  uniform  distributions,  or  a 
combination  thereof,  to  the  measurements 
of  the  rates  of  desorption.  Analytical  and 
numerical  solutions  to  the  diffusion  equa- 


tions were  in  almost  exact  agreement.  In 
the  comparisons  with  experimental  data, 
the  analytical  methods  were  used  because 
of  their  greater  computational  speed  and 
greater  versatility. 

Desorption  measurements  were  made 
for  two  sets  of  charging  conditions  with  a 
commercially-available  corrosion-meas- 
urement console.  Samples  of  the  alloys 
were  electrolytically  charged  with  hydro- 
gen in  O.'N  H2S04  at  a  current  density  of 
1  mA/cm2  for  4  h  or  at  60  mA/cm2  for  1  h. 
Measurements  were  also  taken  on  un- 
charged samples  in  0.1  N  NaOH.  The  cur- 
rent due  to  hydrogen  charging  is  the  dif- 
ference between  the  currents  measured 
for  the  charged  and  uncharged  samples. 

For  the  nickel-base  alloys,  the  distribu- 
tions of  hydrogen  inferred  from  the  desorp- 
tion  measurement  after  electrolytic 
charging  conformed  closely  to  those  pre- 
dicted by  diffusion  theory.  Waspaloy 
samples  were  also  charged  atmospheri- 
cally at  a  pressure  of  5,000  psi  (35  MPa); 
the  inferred  distribution  of  hydrogen  was 
essentially  the  same  as  that  obtained  by 
electrolytic  charging.  The  inferred  distribu- 
tions of  hydrogen  in  4340  steel  electrolyti- 


cally charged  at  1  mA/cm2  for  4  h  were 
essentially  uniform,  a  result  not  predicted 
by  diffusion  theory;  this  result  may  be  ex- 
plained by  high  permeability  of  the  sample. 
The  solubilities  of  hydrogen  in  all  samples 
are  higher  at  the  higher  charging  rates. 
Future  work  will  include  the  study  of  cylin- 
drical samples,  with  the  determination  of 
the  concentrations  of  both  diffusable  or 
mobile  hydrogen  and  of  trapped  hydrogen. 

This  work  was  done  by  Merlin  D. 
Danford  of  Marshall  Space  Right  Cen- 
ter. Further  information  may  be  found  in 
NASA  TM-86531  [N86-1 5359/NSPJ.  [price 
code:  A03]  "The  Application  of  Diffusion 
Theory  to  the  Analysis  of  Hydrogen 
Desorption  Data  at  25°C.  " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service. 
Springfield,  Virginia  22161,  Telephone  No 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700 
MFS-27142/TN. 
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Effect  of  Water  on 
Permeation  by  Hydrogen 

Water  vapor  in  the  working 
fluid  equilibrates  with 
permeability-reducing  oxides 
in  metal  parts. 

A  report  describes  a  study  of  the  effects 
of  water  on  the  permeation  of  heater-head 
tubes  by  hydrogen  in  Stirling  engines.  The 
iron/nickel-based  alloy  CG-27  has  been  se- 
lected as  the  tube  material  because  of  its 
thermomechanical  and  chemical  proper- 
ties, one  of  which  is  its  low  permeability  by 
hydrogen.  However,  the  hydrogen  working 
fluid  can  permeate  even  this  alloy  at  the 
operating  temperature  range  of  700  to 
900  °C.  The  loss  of  hydrogen  by  permea- 
tion would  necessitate  frequent  recharging 
of  the  engines. 


The  hydrogen  can  be  doped  with  other  gases  to  reduce 
permeability  by  an  order  of  magnitude  or  more.  The  dopants  are 
oxygen-bearing  gases  (e.g.,  carbon  dioxide  or  water  vapor)  that 
form  impermeable  oxide  layers  on  the  insides  of  the  heater-head 
tubes. 

Experiments  were  performed  to  determine  the  minimum  con- 
centration of  oxygen  and/or  oxygen-bearing  gas  that  maintains  an 
oxide  coverage  adequate  for  low  permeability.  Stirling  test 
modules  of  heater-head  tubes,  previously  oxidized  by  carbon 
dioxide-doped  hydrogen,  were  placed  in  a  furnace.  The  modules 
were  filled  with  hydrogen  having  an  oxygen  content  of  0  to  2,000 
parts  per  million  (ppm),  and  each  was  operated  for  about  twenty 
5-hour  cycles.  Between  cycles,  the  modules  were  evacuated  and 
refilled.  Permeability  was  calculated  from  the  pressure  decline 
observed  for  each  module. 

The  tests  showed  that  750  ppm  or  more  of  water  are  effective 
in  maintaining  stable,  low  permeability.  Tests  with  total  oxygen 
contents  of  0,  265,  380,  and  530  ppm  equivalent  water  indicated 
that  resistance  to  permeation  cannot  be  reliably  maintained  at 
these  lower  levels,  at  which  the  chemical  equilibrium  among 
hydrogen,  water  (or  oxygen-bearing  gas),  metal  oxide,  and  metal 
is  apparently  tipped  toward  the  reduction  of  the  oxide  and  genera- 
tion of  water.  As  the  oxide  is  chemically  reduced,  permeation  by 
hydrogen  increases  until  a  new  equilibrium  is  established.  If  the 
engine  contains  a  mechanism  for  condensing  the  resulting  water, 
the  reduction  may  continue  until  all  the  oxide  is  consumed. 

In  an  automotive  Stirling  engine,  the  operating  temperature 
would  be  high  enough  to  maintain  1 ,000  ppm  of  water  vapor. 
Water  that  condenses  when  the  engine  is  not  running  and  cold 
would  evaporate  during  operation  and  would  be  effective  in  main- 
taining the  oxide  coating.  However,  water  could  condense  in  the 
hydrogen-storage  bottle  of  the  engine,  which  is  at  the  ambient 
temperature.  It  may  therefore  be  necessary  to  heat  the  storage  bot- 
tle to  ensure  sufficient  water  vapor  in  the  engine. 

This  work  was  done  by  William  A .  Tomazic  of  Lewis  Research 
Center  and  David  Hulligan  ofSverdrup  Technology,  Inc.  Further 
information  may  be  found  in  NASA  TM-88898  [N87-16664/NSP], 
[price  code:  A02]  "Effect  of  Water  on  Hydrogen  Permeability. " 

Copies  may  be  purchased  from  the  National  Technical 
Information  Service,  Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be  placed  for  an  extra  fee  by 
calling  (800)  336-4700.  LEW-14648/TN. 
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Making  Hydrogen  Flames  Visible 

Invisible  to  the  unaided  eye,  these  flames  can  be  seen  with  a  special  infrared  camera. 


A  modification  of  a  standard,  commer- 
cial video  camera  enables  it  to  create  im- 
ages of  hydrogen  fires.  Ordinarily,  the  sili- 
con charge-coupled  devices  in  the  camera 
cannot  detect  radiation  from  such  fires 
because  burning  hydrogen  emits  largely  at 
nonvisible  wavelengths;  what  little  visible 
energy  hydrogen  fires  emit  is  masked  by 
ambient  light. 

The  internal  infrared-blocking  filter  is 
removed  from  the  camera,  and  a  filter  with 


a  10-nm-wide  passband  at  a  wavelength  of 
950  nm  is  placed  in  front  of  the  standard 
zoom  lens.  The  filter  passes  infrared  radia- 
tion from  excited  water  vapor  generated  by 
burning  hydrogen.  The  water  vapor  in  the 
atmosphere  absorbs  solar  radiation  at  the 
same  wavelength.  Thus,  the  iris  of  the 
camera  can  be  opened  fully  without  wash- 
ing out  the  video  image. 

In  a  test,  the  modified  camera  detected 
a  hydrogen  fire  caused  by  a  ruptured  noz- 


zle tube  on  the  Space  Shuttle  main  engine. 
The  fire  could  be  observed  only  on  the 
video  image.  The  engine  was  shut  down  — 
and  the  leak  corrected  —  before  the  en- 
gine was  damaged. 

This  work  was  done  by  Joseph  P.  Brown 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Right  Center  No  further 
documentation  is  available. 
MFS-29406/TN 
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Mathematical  Model  for  Scattering  From  Mirrors 

Additional  terms  account  for  the  effects  of  particulate  contamination. 


Asemiempirical  mathematical  model  of 
the  scattering  of  light  from  the  surface  of  a 
mirror  gives  an  improved  account  of  the  ef- 
fects of  particulate  contamination.  Models 
that  treated  only  the  scattering  by  micro- 
scopic irregularities  in  the  surface  gave 
bidirectional  reflectance  distribution  func- 
tions (BRDF's)  that  differed  from  meas- 


ured scattering  intensities  over  some 
ranges  of  angles.  Previous  attempts  to  ac- 
count for  scattering  by  spheres  and  by  dust 
on  the  surface  also  yielded  unsatisfactory 
results. 

The  bidirectional  reflectance  function,  fr 
is  given  by 

fr=  (2/7i)(2n/A)3F(0)W(P) 


1 

10-1 

— 

Step  2: 

Choose 

o-\  and  !■) 

10-2 

•                                             / 

/ 

•#                       /                Step  3: 
•  #                 /                Choose 

10-3 

•             /                 o and  c 

*         /                    / 

Stepl:^*-            •      /          -^ •/ 

Choose  ^                   f  /        m**   / 
o  and  I                            r                  • 

10-4 

•  • 

10"5 

I 

1               I         i      i     I    I  i  II  1 

0.01 


0.1 


1.0 


A  Curve  Is  Fitted  to  experimental  data  in  three  steps.  Two  of  the  parameters  are  found  by 
trial  and  error  at  each  step:  This  is  simpler  than  trying  to  find  all  six  parameters  simulta- 
neously and  is  almost  as  accurate. 


where  A  is  the  wavelength  of  the  light,  F{B)  is 
an  optical  factor  that  depends  on  the  polar- 
ization of  the  light  [s  (perpendicular  to  the 
plane  of  incidence)  or  p  (parallel  to  the 
plane  of  incidence],  W(P)  is  the  power 
spectrum  of  the  surface-height  distribu- 
tion, P  =  (2n/AKP-/50),  p  is  the  direction 
cosine  of  the  angle  of  incidence,  and  po  is 
the  direction  cosine  of  the  angle  of  scatter- 
ing. 

The  power  spectrum  W(P)  is  the  Fourier 
transformation  of  the  autocorrelation  func- 
tion of  the  composite  surface-height  distri- 
bution. It  is  expressed  as  a  sum  of  Lorentz- 
ian  and  Gaussian  functions: 
W(P)  =  [2o2l/(1  +P2i2)]  +  Tc1/2o2l1 
{exp(  -  P\l  2/4)  +  y  exp[  -  (P  -  cfl  2/4]} 

The  parameters  o,  i ,  o1 , 1 1 ,  y,  and  c  could 
be  found  by  adjusting  them  simultaneously 
until  they  provide  a  least-squares  best  fit  of 
f(r)  to  scattering  measurements.  Because 
this  is  an  iterative  approach,  it  may  require 
too  much  computer  time.  The  following 
step-by-step  curve-fitting  procedure  takes 
less  time  and  works  fairly  well: 

1 .  Using  only  the  Lorentzian  term  [the  first 
term  in  W(P)],  choose  o  and  1  so  that  f(r) 
approximates  the  experimental  scatter- 
ing data  (see  figure). 

2.  Add  the  Gaussian  term  centered  at  the 
origin  [the  second  term  in  W(P)]  to  the 
equation  obtained  in  step  1,  and  select  the 
values  of  o1  and  1 1  that  make  frfit  the  ex- 
perimental data  at  values  of  p~po  up  to 
about  0.5. 

3.  Add  the  Gaussian  term  with  shifted  cen- 
ter [the  third  term  in  W(P)]  to  the  equation 
obtained  in  step  2,  selecting  the  values  of 
y  and  c  that  make  frfit  the  peak  in  the  ex- 
perimental data  at  the  larger  values  of 

P-Po- 

This  work  was  done  by  Yaujen  Wang  of 

Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. For  further  information,  Circle  129 
on  the  TSP  Request  Card.    NPO-1 7050 
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SIN  DA  —  Systems 
Improved  Numerical 
Differencing  Analyzer 

The  capability  to  model  fluid 
flow  is  added. 

The  Systems  Improved  Numerical  Dif- 
ferencing Analyzer  (SIN DA)  is  a  software 
system  developed  to  solve  physical  prob- 
lems governed  by  diffusion-type  equations 
that  can  be  mathematically  modeled  by 
lumped-parameter  representations.  The 
system  is  most  widely  used  as  a  general 
thermal  analyzer  with  resistor-and-capaci- 
tor-network  representations.  However,  It 
can  be  adapted  to  a  wide  range  of  prob- 
lems represented  by  Fourier,  Poisson, 
Laplace,  or  other  differential  equations. 

SINDA  can  solve  numerically  almost 
any  set  of  ordinary  differential  equations, 
which  may  be  used  to  represent  the  tran- 
sient behavior  of  a  lumped-parameter 
system,  or  any  set  of  nonlinear  algebraic 
equations,  which  might  represent  the 
steady-state  conditions  of  a  physical 
system.  FLUINT,  the  FLUid  INTegrator,  is 
an  advanced,  one-dimensional  fluid-analy- 
sis program  that  solves  the  equations  of  ar- 
bitrary fluid-flow  networks.  This  release  of 
SINDA85/FLUINT  is  to  replace  the  ther- 
mal-only version  of  SINDA85. 

For  flexibility,  SINDA  offers  a  number  of 
numerical  solution  techniques  from  which 
the  user  can  choose.  These  include  such  fi- 
nite-difference formulations  of  the  explicit 
method  as  the  forward-difference  explicit 
approximation,  the  DuFort-Frankel,  ex- 
ponential, and  alternating-direction  ap- 
proximations. Also  included  are  such  for- 
mulations of  the  implicit  method  as  the 
backward-difference  implicit  and  Crank- 
Nicolson  approximations.  The  practical 
analysis  of  many  physical  problems,  par- 
ticularly thermal-analysis  problems,  can  be 


achieved  readily  with  the  SINDA  system. 

The  SINDA  system  consists  mainly  of  a 
preprocessor  and  a  library  of  subroutines. 
The  SINDA  preprocessor  accepts  pro- 
grams written  in  the  SINDA  language  and 
converts  them  into  standard  FORTRAN 
programs.  The  SINDA  language  is  de- 
signed for  working  with  lumped-parameter 
representations  and  finite-difference  solu- 
tion techniques.  The  SINDA  library  con- 
sists of  a  large  number  of  prewritten  FOR- 
TRAN subroutines  that  perform  a  variety  of 
commonly  needed  actions.  The  user  can 
call  these  subroutines  from  their  SINDA 
language  program,  thus  greatly  reducing 
the  programming  effort  required  to  solve 
many  problems.  Most  of  the  subroutines  in 
the  SINDA  library  were  developed  for  use 
in  solving  thermal-analysis  problems.  As  a 
thermal  analyzer,  SINDA  can  handle  such 
interrelated  complex  phenomena  as  sub- 
limation, diffuse  radiation  within  enclo- 
sures, transport  delay  effects,  sensitivity 
analysis,  and  thermal-network  error  cor- 
rection. 

SINDA  can  easily  account  for  pumps, 
valves,  and  heat  exchangers  during  a  ther- 
mal analysis.  The  user-written  SINDA 
language  program  determines  the  input 
data  required  and  the  information  to  be 
produced  as  output  by  the  program.  A 
pressure/flow  analysis  of  a  system  contain- 
ing an  arbitrary  tube  network  can  be  per- 
formed simultaneously  with  the  thermal 
analysis  during  transient  or  steady-state 
solutions.  This  enables  the  inclusion  of  the 
mutual  influences  of  thermal  and  fluid  prob- 
lems in  the  analysis.  This  fluid-network- 


analysis  capability  is  called  FLUINT. 

SINDA  is  available  by  license  for  a 
period  of  10  years  to  approved  licensees. 
The  licensed  program  product  includes 
the  source  code  and  supporting  documen- 
tation. Additional  documentation  may  be 
purchased  separately  at  any  time. 

SINDA  is  written  in  FORTRAN  and  As- 
sembler. The  program  is  available  in  three 
versions:  CDC,  DEC  VAX,  and  UNIVAC. 
The  CDC  version  has  been  implemented 
on  a  CDC  CYBER  1 75  computer  operating 
under  NOS  with  a  central-memory  require- 
ment at  approximately  175K  (octal)  of 
60-bit  words.  The  UNIVAC  version  has 
been  implemented  on  a  UNIVAC  1100- 
series  computer  operating  under  EXEC  8 
with  a  problem-dependent  central -memory 
requirement  not  exceeding  65K  of  36-bit 
words.  The  VAX  version  has  been  imple- 
mented on  a  DEC  VAX-series  computer 
operating  under  VMS.  SINDA  was  devel- 
oped in  1971,  and  fluid  capability  was  add- 
ed to  it  in  1975.  The  CDC  version  was  last 
updated  in  1984;  the  UNIVAC  version,  in 
1985;  and  the  VAX  version,  in  1988. 

7?7/s  program  was  written  by  Steve  J. 
Damico  of  Lockheed  Engineering  and 
Management  Services  Co.,  Inc.,  for 
Johnson  Space  Center.  MSC-2089in~N 
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New  Technique  Improves  Measurement  of  Lignin 


Lignin,  a  major  source  of  vanillin,  makes  up  about  25  percent  of  most  woods 
and  must  be  removed  to  manufacture  paper.     A  good  candidate  for  on-line, 
in-situ  measurement  of  lignin  concentration  in  pulping  liquors  is  laser  induced 
fluorescence  (LIF),  according  to  the  results  of  experiments  conducted  by  NIST 
researchers  in  the  Center  for  Chemical  Engineering.     LIF  would  allow  plant 
operators  to  monitor  key  variables  of  the  cooking  process  as  well  as  apply  cor- 
rections before  a  cook  is  complete.     Techniques  currently  used  to  measure  the 
rate  of  lignin  removal  are  based  on  sampling  and  off-line  analysis.     The  delay 

caused  by  these  techniques  can  adversely  affect  the  quality  of  paper  produced. 
The  Weyerhaeuser  Company  and  the  Institute  of  Paper  Chemistry  provided 
samples  that  were  used  to  demonstrate  the  feasibility  of  the  technique. 
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Dr.  John  Horvath,  Physics  Building,  Room  B312,  National  Institute  of  Standards 
&  Technology,  Gaithersburg,  MD     20899;  (301)  975-2618. 
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National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Convertible  Gas-Turbine  Engines 

The  consumption  of  fuel  and  the  cost  of  operation  would  be  reduced. 


A  convertible  engine  is  an  aircraft  gas- 
turbine  engine  that  is  two  engines  in  one.  It 
can  produce  turbofan  thrust,  turboshaft 
power,  or  any  combined  thrust  and  shaft 
power  continuously  while  operating  up  to 
full  speed.  Convertible  engines  could  be 
used  to  power  vertical/short-takeoff-and- 
landing  (V/STOL)  airplanes  and  advanced 
high-speed  rotorcraft  like  those  shown  in 
Figures  1  and  2.  Studies  of  conceptual 
high-speed  rotorcraft  have  shown  that  the 
use  of  convertible  engines  rather  than 
separate  engines  for  rotor  power  and  for- 
ward thrust  affords  advantages  in  installa- 
tion and  can  save  as  much  as  16  percent  in 
fuel  and  20  percent  in  direct  operating 
costs. 

For  a  rotorcraft,  a  convertible  engine 
would  operate  as  a  turboshaft  engine  to 
drive  a  lifting  rotor  for  vertical  and  low- 
speed  horizontal  flight  and  as  a  turbofan 
engine  to  produce  thrust  for  high-speed 
horizontal  flight.  For  a  jet-powered  V/STOL 
airplane,  the  convertible  feature  could  be 
used  to  cross-couple  the  fans  in  a  two- 
engine  configuration  for  safety  in  case  one 
engine  should  fail. 

In  a  convertible  engine  the  power  tur- 
bine drives  both  the  fan  and  an  output  shaft 
connected  to  some  other  load.  The  total 
turbine  power  is  the  sum  of  the  powers  ab- 
sorbed by  all  the  loads.  Therefore,  any  tur- 
bine power  over  that  needed  by  the  fan  is 
available  at  the  power-output  shaft.  The 
maximum  turbine  power  is  limited  by  the 
cycle  temperature  (fuel  flow)  and  speed. 
For  high  thrust,  the  shaft  load  is  reduced  or 
decoupled,  as  by  releasing  a  clutch.  When 
shaft  power  is  required,  the  fan  is  unloaded 
aerodynamical  ly. 

A  convertible  engine  using  variable  inlet- 
guide  vanes  (VIGV)  to  unload  the  fan  aero- 
dynamically  was  successfully  tested  on  an 
outdoor  test  stand  at  the  NASA  Lewis  Re- 
search Center.  The  tests  demonstrated 
that  this  type  of  engine  could  be  used  for 
propulsion  of  new  high-speed  rotorcraft 
that  need  both  thrust  and  shaft  power.  The 
engine  might  also  be  used  to  cross-couple 
the  fans  of  a  two-engine  V/STOL  aircraft, 
but  the  controls  and  dynamics  for  that  ap- 
plication were  not  tested. 
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•  Possible  Applications  for  Convertible  Engines 
O  Others  for  Comparison 
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Figure  1.  Hovering  Performance  and  Disk  Loads  are  plotted  for  various  aircraft,  some  of 
which  could  use  convertible  engines. 


Figure  2.  This  Conceptual  Drawing  shows  the  X-wing  rotorcraft  with  convertible  engines. 

In  the  steady-state  tests,  the  engine  was  modes.  The  engine  ran  smoothly  except 
operated  in  the  turboshaft,  turbofan,  and  for  a  small  region  at  high  VIGV  closure  and 
dual  (combined  fan  and  shaft)  power        high  fan  speed,  where  aeromechanical  in- 


stability  of  the  fan  tips  was  found.  Other- 
wise, it  was  stable  as  the  speed,  shaft 
power,  and  any  of  the  variable  hardware 
settings  were  changed.  This  instability  is 
not  considered  to  be  a  big  problem  for  a 
new  engine  and  could  be  avoided  by 
changes  in  the  design  of  the  blades. 

For  the  propulsion  of  a  rotorcraft,  the 
engine  would  be  used  in  the  turboshaft  or 
in  the  dual-power  mode  to  drive  a  rotor  for 
takeoff  and  low-speed  flight.  If  thrust  during 
takeoff  is  low,  the  VIGV  would  be  closed, 
and  the  consumption  of  fuel  by  the  engine 
would  be  about  25  percent  more  than  that 
of  a  turbofan  engine  running  at  the  same 
core  power  level.  The  additional  fuel  is 
needed  because  power  is  wasted  in  churn- 


ing and  heating  the  tip  airflow  with  the  VIGV 
closed.  The  wasted  power  is  not  detrimen- 
tal to  rotorcraft  having  engines  sized  for 
high-speed  cruise,  such  as  the  X-wing, 
because  the  installed  power  would  be 
great  enough  to  permit  hover  at  sea  level 
while  one  engine  is  inoperative. 

In  high-speed  cruising  flight,  the  engine 
would  be  operated  in  the  turbofan  mode 
with  the  VIGV  open  (or  nearly  open)  to  pro- 
duce thrust  or  in  the  dual-power  mode  if 
shaft  power  is  also  needed  for  such  aux- 
iliary equipment  as  a  compressor  for 
X-wing  blowing.  The  fuel  consumption  of 
the  engine  would  be  comparable  to  that  of 
a  conventional  turbofan  engine  because 
the  only  change  in  the  use  of  fuel  comes 


from  the  loss  of  inlet  pressure  across  the 
VIGV.  The  loss  is  small  when  the  VIGV  are 
nearly  open. 

This  work  was  done  by  K.  L  Abdalla  and 
J.  G.  McArdle  of  Lewis  Research  Center 
andH.  Lindsay  of  General  Electric  Co.  Fur- 
ther information  may  be  found  in  NASA 
TM-88939  [N87-16825/NSP],  [price  code: 
A02]  "Outdoor  Test  Stand  Performance  of 
a  Convertible  Engine  with  Variable  Inlet 
Guide  Vanes  for  Advanced  Rotorcraft 
Propusion. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone  No. 
(703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LEW-14597/TN 
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